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AMERICAN WELDING SOCIETY 


ESTABLISHED 1919 


| JOURNAL 


Volume 3 March, 1924 Number 3 


| Tentative Program 
Annual Meeting 


of the 


AMERICAN WELDING SOCIETY 
33 West 39th Street, New York, N. Y. 


April 23, 24, 25 and 26, 1924. 


All Sessions Start Promptly as Scheduled. 


WEDNESDAY, APRIL 23, 1924 
Morning 


Resistance Welding Committee, Hermann Lemp, Chairman. 
9.30 a. m. to 12, 11th floor. 
Completion of summary setting forth the present state of the art. 
Consideration of future work of committee. 


Afternoon 


Electric Arc Welding Committee, H. M. Hobart, Chairman. 
2.00 p. m., 10th floor. 

Program of investigations to determine certain fundamentals in 
connection with electric arc welding. Investigations of the weld- 
ing of non-ferrous metals. 


Evening 


Smoker, American Welding Society. 
8.00 p. m., 5th floor. 


Note: This section is a new feature in connection with the an- 
nual meeting of the Society. The Meetings and Paper Committee 
hope to provide an occasion for a social gathering. “Smokes and 
possibly eats” will be distributed to the members. It is planned to 
have a motion picture of interest to members of the Society and 
some entertainment. A humorous paper will also be presented and 


an opportunity provided for an informal discussion of the affairs 
of the Society. 
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THURSDAY, April 24, 1924 
Morning 
Business Session of American Welding Society 
9.30 a. m. to 12, 5th floor. 
Program 
1. President’s Report of Year’s Activities. 
2. Reports from (a) Finance Committee. 
(b) Meetings and Papers Committee. 
(c) Research Department (American Bureau 
of Welding). 
(d) Report of Tellers Committee on Election 
of Officers. 
(e) Introduction of New President. 


Afternoon 
Board of Directors, American Welding Society. 
(Including retiring and new members). 
2.00 p. m., 11th floor. 
Program 
1. Review of progress during past year. 
2. Introduction of new President. 
3. Plans for coming year. 
4. Appointment of Committees (a) Executive. 
(b) Membership. 
(c) Finance. 
(d) Meetings and Papers. 
(e) Revision of By-laws. 
2.00 p. m., Inspection Trip. 
Efforts are being made to arrange an inspection trip to the 
Brooklyn Navy Yard, where a large amount of cutting is being 
done to carry out the terms of the Disarmament Treaty. 


Evening 

The Third Annual Dinner of the American Welding Society. 
7.00 p. m. 

Note: The usual annual dinner, which is so greatly enjoyed by 
the membership, will be held at the above time. Plenty to eat and 
good talent. Price as usual, $5 per person. Reservations may be 
made now. Further details as to place will be announced later. 


FRIDAY, APRIL 25, 1924 
Morning 
American Bureau of Welding. 
9.30 a. m. to 12, 10th floor. 


Program 


1. Progress Reports by Research Committee Chairmen. 
2. Election of Officers. 
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3. Discussion of Policies. 


SOCIETY ACTIVITIES 5 


4. Discharge of Committees that have completed their work. 
5. Appointment of new Committees. 


Afternoon 
Gas Welding Committee, S. W. Miller, Chairman. 


1.30 p. m., 11th floor. 


Completion of Summary on Pipe Welding. 


activities. 


Program for future 


Evening 
Technical Session of the American Welding Society. 


8.00 p. m., 5th floor. 


Program 
1. Some Factors Involved in the Design of Welds. 


a. Gas Welding, 


b. Metal Arc Welding, 


ec. Carbon Arc Welding, 


d. Thermit Welding, 


e. Resistance Welding. 
2. Welding in Railroad Shops. 


SATURDAY, APRIL 26, 1924 


Specifications for Steel to be Welded Committee, 
W. J. Beck, Chairman. 


9.30 a. m., 10th floor. 


Plans for future work of Committee. 


APPLICATIONS OF ARC WELD- 
ING TO SHIP CONSTRUCTION 


Those who have been interested in 
the applications of welding in the 
above field have for a long time felt 
the need of a digest of available lit- 
erature and unpublished existing in- 
formation. This need was recognized 
by the Electric Arc Welding Commit- 
tee of the American Bureau of Weld- 
ing and with its cooperation Mr. E. H. 
Ewertz, general manager, Moore 
Plant, Bethlehem Shipbuilding Cor- 
poration, has prepared such a review. 
The report includes a summary of 
the present’ applications of welding as 
compared with riveting, a description 
of the are welded ships already in 
existence and their performance, a 
review of the repairs to the German 
liners and the results of tests in Eng- 
land and the United States to demon- 
strate the adequacy of welding as ap- 
plied to ship construction, a compari- 
son of the advantages of welding ver- 
sus riveting and finally a bibliogra- 
phy. It is needless to say it is the 
most complete summary available on 
this subject. It was prepared for the 


use of the ship designer, the drafts- 
man and those interested in the ap- 
plication of welding in this field. 

The length of the report, the nu- 
merous illustrations and the consider- 
able tabular matter made it impossi- 
ble for the Society to publish it with 
its own funds and accordingly an ar- 
rangement was made with Marine 
Engineering to print it as a serial 
and later to have copies printed in 
bulletin form for the members of the 
American Welding Society. These 
bulletins have just arrived and are 
now available for distribution. The 
number assigned is Bulletin No. 6 and 
it occupies 55 printed pages, 9 in. by 
12 in. 

Those who are interested in this 
subject will find it a most valuable 
source of information. Members may 
obtain copies at 50 cents each by writ- 
ing to the Secretary. The price to 
non-members is $1.00. A special rate 
to companies desiring to purchase 
quantities is being made at $40.00 per 
hundred. It is suggested that all or- 


ders be placed at once as the supply is 
very limited. 


5 


ANNUAL MEETING 


A tentative program of the annual 
meeting of the Society is published 
elsewhere in this Journal. The an- 
nual meetings of the Society are mile- 
stones in the progress of the Society 
and the welding industry. Every year 
brings new accomplishments, new ex- 
tensions of the use of welding, suc- 
cessful solution of difficult problems 
and increased knowledge of the fun- 
damentals of welding. 

In speaking of the value of section 
meetings, a prominent manufacturer 
of welding apparatus stated that he 
could not afford to stay away from 
a single meeting of his section. He 
considered that if he did not receive 


the knowledge disseminated on the 
particular subject under discussion 
he would be out of date as far 


as his knowledge of welding in that 


particular field was concerned. If 
this is true of section meetings the 
same remarks would apply with a 


hundredfold force to missing an an- 
nual meeting of the Society. 


DIRECTORY, AMERICAN 
ING SOCIETY 


Sometime ago the Board of Direc- 
tors favorably considered the publica- 
tion of a membership Directory of the 
American Welding Society. The lack 
of funds and time made it impossible, 
however, to publish the Directory 
around the first of the year. At a 
recent meeting of the Meetings and 
Papers Committee it was decided to 
suggest to the Board of Directors of 
the Society that the membership Di- 
rectory be published as the August 
issue of the Journal. This proposal 
has been favorably considered and 
necessary steps are being taken to 
make this membership Directory a 
complete year book on society activi- 
ties and accomplishments. 

The Membership Committee expect 
to make a drive to secure new mem- 
bers in order that their names may be 
included in the Directory, the compila- 
tion of which will be started very 
shortly. Your assistance and coopera- 
tion in getting new members is re- 
quested. 


WELD- 


PRESSURE VESSEL REPORTS 


Every member of the Society has 
had an opportunity to study the very 
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PLAN TO ATTEND THE ANNUAL MEETING OF THE 
AMERICAN WELDING SOCIETY 


[ March 


comprehensive report on Pressure 
Vessels prepared by the American 
Bureau of Welding. This report oc- 
cupies 156 pages and includes the re- 
sults of destructive tests on some 
forty-five tanks. Complete test data 
and analysis of test results are in- 
cluded. The total cost of the investi- 
gation was over $15,000 and the re- 
port is regarded as a “classic” in 
welding literature. Anticipating the 
demand for this bulletin, the Ameri- 
can Welding Society had a number of 
reprints made in attractive bulletin 
form. The price set at the time was 
$1.50 to members and $5 to non-mem- 
bers. Because of its limited storage 
facilities the American Welding So- 
ciety finds it desirable to dispose of a 
number of the reports and has there- 
for reduced the price to $1 to mem- 
bers and $2 to non-members. Special 
rates of $40 per hundred is quoted to 
companies desiring to purchase the 
report in quantities. 


TRAINING COURSES FOR 
WELDERS 


The Courses for Training Electric 
Are and Gas Welding Operators have 
now been completed by a committee on 
the subject of the American Bureau 
of Welding working in cooperation 
with the Federal Board of Vocational 
Education. These courses are avail- 
able in bulletin form and members 
may obtain same at 25 cents per copy. 
Special 


rates are being offered for 
purchase in quantity lots at $20 a 
hundred. 


For the information of the person 
who is selecting the candidates, the 
text includes a discussion of the qual- 
ifications which a candidate for train- 
ing should possess. For the informa- 
tion of the instructor the text in- 
cludes the fundamentals in gas and 
electric arc welding together with a 
number of type welding jobs arranged 
in the order of difficulty. These type 
welding jobs are divided into check- 
ing levels with the objective clearly 
indicated and the auxiliary informa- 
tion which should be given to the stu- 
dents for each checking level. The 
courses for Electric Are and Gas 
Welding Operators have been printed 
as separate bulletins. It is therefore 
necessary to specify which is wanted. 
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SOCIETY ACTIVITIES 


SECTION ACTIVITIES 


Philadelphia 


The February meeting was held on 
the 18th. The evening was devoted to 
entertainment and was enjoyed by all. 
Music, singing and free lunch were 
featured. The March meeting will be 
held on the 17th in the Engineers’ 
Club, at which time Prof. A. S. Kin- 
sey of the Air Reduction Sales Com- 
pany will show a new moving picture 
on “Oxygen the Wonder Worker.” 


Chicago 


The March meeting of the Chicago 
Section was held on the 7th. The 
following results of the election of 
officers were announced at this meet- 
ing: Chairman, Robert G. Mason, At- 
chison, Topeka & Santa Fe Railroad 
Company; vice-chairman, Thomas M. 
Jones, Illinois Steel Company; secre- 
tary and treasurer, Stuart Plumley, 
Acetylene Journal Publishing Co.; 
directors for three years, H. S. Mann, 
Metal and Thermit Corporation; C. T. 
Price, Gas Products Association; 
H. G. Austin, National Oxygen Com- 
pany; J. G. Norris, Central Steel & 
Wire Co.; directors for two years, 
W. M. B. Brady, General Electric 
Co.; H. S. Card, The Welding Engi- 
neer; W. L. Senhert, Chicago Welded 
Products Co.; Ernest Lunn, The Pull- 
man company; directors for one year, 
E. L. Swangren, Western Electric 
Co.; W. P. Roberts, Air Reduction 
Sales Co.; K. R. Hare, Transportation 
Engineering Corp.; Jonathan Wolfe, 
Chicago Surface Lines. 

A paper was read by Mr. C. T. 
Price upon “Safety in Welding and 
Cutting.” This paper was followed 
by an interesting discussion on the 
subject. 

The secretary read a paper entitled 
“Manufacturing Welded Steel Bed- 
room Furniture.” Photographs of 
this furniture and the manufacturing 
operations in producing it. together 
with samples of electrically welded 
tubing and oxy-acetylene welded mi- 
tered joints in this tubing were passed 
around to the members present. 


New York 

A meeting of the New York Section 
was held on March 11th in the Engi- 
neering Societies Building. A paper 


prepared by Mr. C, F. Nagle, Jr., of 
the Aluminum Company of America 
on “Fundamental Principles of Fu- 
sion Welding to Aluminum” was read 
by Mr. R. M. Glenn, of the New York 
office of the company. He was fol- 
lowed by S. W. Miller of the Union 
Carbide and Carbon Research Lab- 
oratories, who presented a review of 
the gas welding of aluminum, the dif- 
ficulties encountered and methods of 
overcoming same. Mr. Jack Church- 
ward reviewed the present knowledge 
of electric arc welding of this impor- 
tant metal. These three papers con- 
stituted a symposium on this subject. 
About fifty people were in attendance. 


Northern New York 


The February meeting was held on 
the 12th, at which time Mr. E. M. T. 
Ryder, Way Engineer of the Third 
Avenue Railway System, gave an in- 
teresting talk on the subject of welded 
rail joints, outlining the various prac- 
tices employed in making the different 
types of joints now in commercial use. 
The progress made by the Welded 
Rail Joint Committee was reviewed 
and Mr. Ryder stated that if the life 
of the joint could be lengthened five 
years that it would result in an an- 
nual saving to street railways of 
$15,000,000. 


Cleveland 

The February meeting of the Sec- 
tion was devoted to a paper by Mr. 
C. F. Nagle, Jr.. of the Aluminum 
company, on the subject of fusion 
welding of aluminum. 


Boston 


The March meeting of the Section 
is scheduled for the 14th. The speaker 
for the evening will be Mr. T. A. Wry, 
and Mr. Malcolm Thomson, who will 
talk on “Tank Welding Costs,” with 
particular consideration to are weld- 
ing versus gas welding. The meeting 
will be held in the Boston City Club. 
San Francisco 

At the February meeting of the 
San Francisco Section Mr. Rhine of 
the General Electric Company gave a 
very interesting lecture on “Auto- 
matic Arc Welding Machines.” About 
sixty were in attendance. 


MAKE YOUR RESERVATIONS FOR THE ANNUAL DINNER 
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EMPLOYMENT SERVICE BULLETIN 


Opportunities.—The Society is glad to learn of desirable opportunities from 
responsible sources, announcements of which will be published without charge 
in the Bulletin. 


Services Available-—Under this heading brief announcements (not more 
than seventy-five words in length) will be published without charge to mem- 
bers. Announcements will not be repeated except upon request received after 
an interval of three months; during this period, names and records will re- 
main in the office reference files. 


Note.—Copy for publication in the BULLETIN should reach the Society’s 
Office not later than the thirtieth of the month if publication in the following 
issue is desired. ALL REPLIES should be Addressed to the Number Indi- 
cated in Each Case and Mailed to Society Headquarters. 


Services Availab'e 


A-22. An executive and recognized authority on welding who is capable of 
taking charge of and developing to the fullest extent the possibilities of welding 
in all of its forms in an industrial organization. Affiliation as Chief Welding 
Engineer is desired with a large corporation in which welding can advantage- 
ously be substituted for riveting with or without possibilities which might be 
inherent in said corporation for salvaging costly equipment by the use of weld- 
ing and thus save annually large sums of money. 


A-23. Electric Welder desires position. Have completed a covrse on electric 
welding and served for five weeks on production work using automatic welding 
machine. Am now located in South America and desire to secure position. 
Have also had about five years’ experience on the Dominican Central Railroad 
along this kind of work. 


A-24. First-class welder desires position. An expert welder from the Pacific 
Coast who has had three years of oxy-acetylene welding experience and five 
years of electric welding on high pressure pipe lines, dredge pipe and tank 
work wishes to locate in the East. Have had executive responsibility on some 
of the largest high pressure large diameter pipe lines built in this country 
and have had successful experience in welding cast iron flanges to steel pipe. 
Wish to locate permanently with a firm who is desirous of a competent man 
capable of handling both electric and oxy-acetylene welding. 


A-25. First-class electric and acetylene welder with seven years’ experience 
wants steady position. Can set up own work, willing to travel, salary no 
object, railroad shop, shipyard and boiler shop experience. 


A-26. First-class all around electric welder; seven years’ experience in repair 
and construction work, desires position in New York City. Six years as 
electric welder in Greece and one year with Lehigh Valley Railroad. 
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Summary of Information on 
Are Welding of Copper, Brass and Bronze in 
the Literature Up to March 1923* 


COPPER 

Electrodes—It was found that for the arc welding of copper sev- 
eral compositions are suggested to be used as electrodes. One 
writer suggests the use of tinned copper surrounded with a flux 
covering. Another one states that the filler material consists of 
copper wire containing apart from the quantity of phosphorous 
required for the welding, silver or bismuth up to 5 per cent. 

Flux—It is suggested that a flux producing a powerful reducing 
atmosphere should be used. Borax is also advised. 

Welding Method—The graphite arc seems to be the accepted 
method to be used in the welding of copper, although phosphor cop- 
per is used with reverse polarity (electrode positive). 

Preheating Speed—Nearly all of the writers agree that the line 
of the weld should be preheated to a duli red before welding, and 
the welding done as rapidly as possible, adding an excess of mate- 
rial. . 

Hammering and Annealing—There seems to be some disagree- 
ment among the writers as to the use of hammering. Some claim 
that hammering is unnecessary, others claim that it improves the 
welded joints. Where hammering is recommended it is suggested 
that the weld in thin plates should be hammered cold and then 
annealed, but in bars or thick stock the hammering should be done 
at about 500 deg. C., then annealed at 500 deg. C. and plunged in 
cold water. 

Preparation—The material to be welded should be prepared in 
the same manner as iron or steel and if the sections are thin 
graphite, asbestos mill board or fire brick should be used to back 
up the metal. 

Effects of Impurities—It has been found that sulphur, antimony, 
lead and copper oxide make the deposited metal brittle. 

Current—The current used is determined by the thickness of 
the metal to be welded and when using graphite electrodes should 
be as low as possible. 

Porosity—Some claim that the deposited metal is free from 
porosity while others claim that porosity can not be eliminated. 

Uses—About the only practical use given in the literature for 
the are welding of copper is on the welding of copper bonds on 
to steel rails. 

BRASS AND BRONZE 
Electrode—The welding rod should be very pure and contain 


*NoTe: This digest of literature was made by a sub-committee (A. G. Bissell, Chair- 
man) of the Electric Are Welding Committee (H. M. Hobart, Chairman) of the 
American Bureau of Welding. 
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a very small amount of aluminum, which is necessary to deoxidize 
the welds. 

Flux—A cleaning flux is indispensable and should have the func- 
tion of dissolving the alumina produced during the oxidizing 
process. 

One of the best fluxes is made of powdered salt (NaCl), borax 
(Na,B,O.) and boric acid (H,BO,). It is suggested that the filler 
rod be coated with this flux before welding. 

Preheat.ng—Since the heat conductivity of brass and bronze is 
appreciably lower than copper preheating is not as essential. 

Hammering and Annealing—Brass containing 65 to 70 per cent 
of copper should be hammered while cold, then annealed at a tem- 
perature of 650 deg. C. (1200 deg. F.), but in no case as high as 
800 deg. C. (1472 deg. F.). This operation is indispensable to 
satisfactory work. Bronze should not be hammered while hot as 
the material at high temperature is very fragile. In the case of 
brass containing 58 to 60 per cent of copper the weld should be 
hammered at a temperature of 500 deg. C. (932 deg. F.). Anneal- 
ing is not necessary unless the hammer marks are to be removed. 

Graphite Electrode—The use of the graphite arc with a metallic 
filler rod is generally advised. 

Backing—Bronze being more fragile than brass or copper when 
hot should be supported during the welding process by graphite, 
mill board, or fire brick. 

I gnorance—One writer states that the arc process has never been 
applied with any degree of success in the welding of brass as the 
temperature of the arc is too high to weld this metal. 


DATA OBTAINED FROM QUESTIONNAIRES 


EB. Wanamaker, Electrical Engineer of the Chicago, Rock Island 
and Pacific Railway Company. 


Electrode—‘The composition of the rod was about 92 per cent 
copper and 8 per cent tin, with a trace of phosphorus. We have 
also used other grades of bronze wire containing some nickel and 
iron. 

Metallic Process—“This material was used by the metallic arc 
process with the electrode positive, some minor applications be- 
ing made by the carbon arc for welding cast iron, malleable iron 
and bronze bells. 

Carbon Arc—‘In addition to the above we do some copper weld- 
ing by the carbon arc, such as correcting flaws in the commutator 
segments and welding rotor bars to end rings in induction motors. 

Application—‘‘We have been for some time using a bronze weld- 
ing wire, principally for building up operation on iron or steel, 
such as front end of main rod when worn in cross head fit, also for 
building up wearing surfaces of journal boxes. 

Experimental Work—“Some experimenting has been done with 
pure nickel and manganese nickel, although so far no special appli- 
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cations have been found for these materials in railroad work. As 
a matter of interest will say that our investigation for the use of 
non-ferrous metals in railroad work have shown the need for a 
method of arc brazing to permit deposition of metal without the 
actual fusion of the base metal, where the melting point of the base 
metal is in excess of the metal added.” 


* * * 


Alexander Churchward, Consulting Engineer, Wilson Welders and 
Metals Company, New York City, New York. 


Electrode—‘‘In bronze, copper and brass welding we alwavs try 
to preheat and we use our No. 20 electrode. Composition-copper 
95 to 96 per cent with 3 to 4 per cent tin phosphorus 0.25 to 0.4 
per cent, impurities less than 0.5 per cent. 

Method of Welding—‘Metallic are or carbon arc is used with 
the No. 20 electrode. Using the metallic arc the electrode is made 
positive and a current of 180 amp. is used with 5/32-in. electrode. 

Application—“This material is used for welding on brass, bronze 
or copper. The application of this material is shown in the accom- 
panying photograph in which the collector rings on a 1000 kw. 
rotary converter were built up. 

J. C. Lincoln of the Lincoln Electric Company, Cleveland, Ohio. 

Brass Welding—‘‘For welding brass rotor rings and brass rotor 
rods successfully with the carbon arc a special rolled rod of ap- 
proximately two of copper and one of zinc is used. The open cir- 
cuit voltage is approximately 60 volts, and the welding current 
from 400 to 500 amp. The work is positive and no flux is used. 
The rate of welding is from 6 in. to 12 in. a minute, depending 
upon the size of the ring. 

Copper Welding—“We are also welding copper rotor rings and 
copper rotor rods with the carbon arc, and in this connection I find 
that the use of some brass scrap punchings very materially assist 
the operation. The open circuit voltage is from 50 to 60 volts, 
current used 400 to 500 amp., and about a “*s-in. carbon is used as 
a negative electrode, the work being positive. The welding rate 
is from 4 to 8 in. per minute, depending upon the size of the work.” 

James W. Owens, Electrical Aide, Navy Yard, Norfolk, Virginia. 

“We have used the arc for the welding of the non-ferrous metals 
to a very limited extent, as in the present state of the art, gas 
welding is preferable. We did, on one occasion weld a brass am- 
munition carriage and on another occasion fill up some blowholes 
in a manganese bronze propeller by metal arc welding, using a 
bare phosphor bronze electrode. The object of using this form of 
welding in the case of the ammunition carriage was to reduce 
warping to the minimum, however, the weld was not as homogeneous 
as one made by gas. An examination of the welds made in the 
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propeller after being in service sometime, indicated that they were 
badly corroded.” 


James Caldwell, Managing Director of the Alloy Welding Processes, 
Limited, 14-16 Cockspur Street, London, S. W. I. 


Metal Welded—“A. W. P. Patent Electrodes for the welding of 
non-ferrous alloys by means of the metallic arc process, conform 
as regards their method of manufacture with the general princi- 
ple governing this company’s products inasmuch as they are of the 
flux-coated type. For work connected with ordinary commercial 
copper, brass or bronze where the chemical analysis in each case 
is more or less standardized, we are able to supply a standard type 
of electrode. Where, however, material of a special analysis is to 
be welded, and providing that we are acquainted with the said 
analysis the coating of the electrodes can be so varied as to give 
the desired analysis in their deposit. 

Electrodes—“The filler material or base for either type of the 
‘A. W. P.’ Non-Ferrous Electrodes is composed of high conductiv- 
ity copper, the flux coating of which contains all the necessary in- 
gredients to form the desired alloys after deposition and in a pre- 
cisely similar manner as stainless high speed, self-hardening, etc., 
steels are produced from an ordinary mild steel core, by means 
of the flux coating in the A. W. P. Electrodes for ferrous material. 

“A. W. P. Electrodes for copper, brass and bronze are manu- 
factured in standard wire gages Nos. 8, 10 and 12 and are of 18 in. 
in length. 

Method of Welding—“The method of welding is of the metallic 
form and does not require any alteration or addition to machines 
which have been installed for ordinary work by this process. 

Voltage—“The electrodes will be found suitable when employ- 
ing either alternating or direct current, the former of 80/90 volts, 
the latter 60/70 volts open circuit. 

Current—“‘As regards the welding current, this depends to a 
great extent on the mass of the work in hand and requires regulat- 
ing according to the nature and dimensions of the material to be 
welded. In general practice it is found that a slightly lower cur- 
rent than that used for mild steel work should be employed. 

Polarity—“As regards polarity of lead wires, it has been our 
experience that the best results are obtained by attaching the 
Electrode Holder to the positive end. 

Flux—“As mentioned in the opening paragraph the whole of 
the necessary flux is contained in the coating and therefore no 
further application is required during the welding operation. 

Welding Rate—‘‘The speed of welding depends to a great extent 
upon the thickness of the material being welded. Owing to the 
lower melting point of non-ferrous alloys compared with steel the 
actual speed of deposition is increased, but it has been found neces- 
sary with light gage material to pause occasionally for a few 
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seconds in order to allow the fluid metal to partially solidify and 
thereby prevent piercing the parts being welded by the excessive 
heat created. This application, however, does not apply to plates 
and material of *%-in. thickness and over, and for such thicknesses 
it is necessary to prepare by beveling in the usual manner, but it 
has been found advantageous to slightly increase the angle of 
bevel. 

Uses—“‘It might here be stated that the electrodes for brass 
and bronze have been more usefully and successfully employed than 
those for copper. This is explained by the fact that for copper 
welding it is necessary to preheat at least to a dull red before 
commencing the work, otherwise the heat conductivity being very 
high will dissipate the heat from the arc throughout the structure, 
thus making good amalgamation difficult and causing porosity in 
the deposit. With regard, however, to brass and bronze, local 
heating in the vicinity of the weld and to a much less degree, is 
sufficient to insure good amalgamation and can be employed safely 
for the making good of defects and shorts in castings, the rein- 


forcing of journals, repairing cracked bells and work of light 


” 


S. W. Wakeman, General Manager, Bethlehem Shipbuilding Corpn., 
Fore River Plant, Quincy, Mass. 
Metals Welded—“Brass, Bronze and Copper. 


Electrode—“Wilson Welder and Metals Co., No. 20—0.148 in. 

Method of Welding—“<Metallic Arc. 

Current—‘150 to 200 amp. and 80 volts direct current. 

Polarity— Reversed, electrode positive. 

Hammering—‘If peened immediately after welding a much 
stronger and cleaner weld is obtained. If more than one layer 
of metal is required it is very essential that each layer be peened 
and thoroughly cleaned before the next layer is deposited. 

Preheating—‘In welding heavy stock it has been found that by 
preheating the parts to be welded a very satisfactory weld can be 
produced. 

Preparation—“1st—The weld should be as near flat as possible. 

“2d—A wider bevel must be used than is custom- 
ary in welding steel. 

“3d—All parts to be welded must be free from 
oil, dirt or corrosion. 

Uses—‘Attaching brass sleeve to tail shaft, repairing bronze 
propeller blades, butts of brass plating and angle bars on the 
bridges of ships around the binnical, etc.” 

R. E. Wagner, Assistant Manufacturing Superintendent, General 
Electric Co., Pittsfield, Mass, 
Metal Welded—“Copper. 
Electrode—“Copper 1, in. 
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Method of Welding—‘“Carbon Arc. 
Current—‘“‘250 amp., 75 volts, direct current. 
Polarity—“‘Work positive. 

Flux—‘“No flux. 

Welding Rate—‘‘51%4 min. per foot on 7/16-in. plate. 

Welding Technique—“Two pieces with edges square are placed 
with edges about '% in. apart and given additional spacing of 3/16 
in. to the foot to allow for shrinkage of joint. Copper is melted at 
the joint by the carbon electrode and puddled, then enough copper 
rod is added to give the weld an !4-in. ridge above the level of the 
plate. 

“Nearly all the welding is done from one side of a plate of this 
thickness; the other side is given a rapid, smoothing weld for a 
finish. 

Physical and Electrical Characteristics—‘Strength of weld is 
about 80 per cent of the strength of good cast copper. 

“It will not stand much bending. 

“Conductivity of the joint with the increased section of the nor- 
mal weld is so good that one would not know that the copper had 
a joint in it when resistance measurements are taken. 

Additional Information—“Most of our copper welding has been 
of an experimental character and not much of it has been put into 
practical use. We are feeling our way. The results obtained thus 
far have been very good, but occasionally when proper allowance 
is not made for shrinkage we may get a crack in the weld. We 
have found that the welding operation can be hastened by employ- 
ing two carbon pencils and two operators; one carbon pencil 
lightly welding and heating the copper and the second operator 
giving particular attention to the welding. Much can be gained in 


retaining the heat by placing the copper on some non-conductor of 
heat such as asbestos.” 


G. A. Hastings, Assistant Shop Superintendent, Navy Yard, Puget 
Sound, Wash. 
Metals Welded—Sheet brass and piping Cu. 60-70, Pb. 0.5, Zn. 
bal. 
Gun Bronze, Cu. 88, Sn. 10, Zn. bal. 


Valve Bronze, Cu. 87, Sn. 7, Pb. 1, Fe. .06, Zn. 
bal. 


Naval Brass, Cu. 59-63, Sn. 0.05-1.5, Pb. 0.6, 
Fe. 0.06, Zn. bal. 

Phosphor Bronze, Cu. 85-95, Sn. 5-10, Pb. 0.2, 
Zn. 4, Fe. 0.06, P. 0.15. 

Yellow Brass, Cu. 64-68, Zn. 32-34, Pb. 2.5, 
Fe. 2. 


Electrode—‘Wilson Welder and Metals Co., No. 20, 5/32 in. dia. 
Cu. 95.27, Sn, 4.32, Fe. 0.12, P. 0.25, Al. 0.04, 


Method of Welding—“Graphite Arc. 
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Current—“Direct 200 amp., 60 volts. 

Polarity—“Electrode negative. 

Flux—‘“90 per cent borax glass (dehydrated borax) 10 per cent 
boric acid, applied by dipping hot rod in flux. 

Welding Rate—‘‘10 min. per foot on 14-in. stock beveled 60 deg. 

Uses—“Welding on propeller blades and hubs, hand rails, hatch 
cover fittings and frames, stowage, fittings, belaying pins, airport 
frames, scuppers, voice tube fittings, etc. 


C. J. Holslag, Chief Engineer, Electric Arc Cutting and Welding 
Company, Newark, New Jersey. 


“In welding copper, brass and bronze the work must be heated 
so that it is dull red hot before any successful welding is possible. 
When it has reached this temperature either the carbon, graphite 
or metal arc may be employed if a suitable flux is used. 

“Hammering directly after welding is very essential and it is 
imperative that the finished work be chilled cold, as in water, to 


prevent large crystal growth in the copper, brass or bronze during 
cooling.” 


Cutting Metal with Hydrogen Gas 
W. H. L. PorTH* 
In determining the use of a fuel gas for the cutting of metals, it 


would appear as if the conditions enumerated as follows are in 
direct relation to their relative importance: 

1. Safety in the use of the gas. 

2. Cost to use the gas delivered at the point of use. 

3. The cleanliness of the cut, that is, its freedom from scurf. 


4. Speéd of the cutting, which is also one of the functions of 
the cost. 


5. Ease of obtaining gas supply. 
Safety 


The use of any kind of fuel gas at the best calls for sensible 
handling and in no measure can any gas cutting or welding process 
be considered as being foolproof. Hydrogen is a very safe gas to 
use as a fuel. The explosive limits are given by the Bureau of Mines 
as from 10 per cent to 66 per cent in air or a range of 56 per cent. 
Hydrogen will not, of itself, explode. 

Cost 


The cost for determining the use of a fuel gas should include all 
elements that make up a completed job; these are (a) cost of the 
fuel gas; (b) cost of oxygen; (c) cutting labor and any resultant 
labor in cleaning the cut after completion with cutting torch; (d) 
extra cost of equipment or extra depreciation on equipment, di- 
rectly incident to the use of that particular gas. 


*Master Car Builder, Swift & Co. 
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In a cutting test made a short while ago, on test pieces varying 
from %% in. to 3 in. thick and 36 in. long, using an electrically 
driven machine cutting torch, we found, using hydrogen on the 
basis of 1.00 per 100 cu. ft., that the cost per cubic inch of metal 
cut was .0068. This included all items of cost to use hydrogen for 
cutting except fixed charges on apparatus. 


Uses in the Field 


One of the extensive uses of gas for cutting is in field fabrica- 
tion where rivet and bolt holes can readily and easily be cut in 
plates and shapes. On reaming such holes, it would be expected 
that the tool expense would be much less on hydrogen cut holes. 


Cleanliness of Cut 


A much cleaner cut is obtained with the use of oxy-hydrogen 
cutting torch, inasmuch as the scurf resulting from the cutting 
is practically negligible. This very much reduces the trimming 
necessary to make a satisfactory job. 

Any gas cut is not comparable with a shear cut, in good appear- 
ance, but hydrogen cutting more closely approaches the straight, 
clean cutting by shearing. 


Speed 


In the tests referred to, we found that greater speed was pos- 
sible with the use of hydrogen. 


The temperature of the oxy-hydrogen flame is given by various 
authorities at from 2007 deg. C. to 3191 deg. C. The flame when 
properly adjusted, as given later in detail, is sufficient to preheat 
metal to be cut, then greater speed can be attained. 


Gas Supply 


In order to make the use of any fuel gas a success, it must be 
easily obtained at the point of use, so that delays resulting because 
of lack of gas are negligible, or, if they do result, can be easily 
overcome by quick delivery from the source of supply. 


Equipment Used for Cutting 


The same kind of equipment is used for cutting when hydrogen 
serves as fuel gas, except that it differs in kind. Any ordinary 
cutting torch can be used for cutting when hydrogen tips are used. 
These can be obtained from the apparatus manufacturers. 

The hydrogen and oxygen regulators are exactly similar as to 
the pressures required. They differ in that the hydrogen regulator 
has a left-hand nut, with which to attach it to the gas cylinder, 
while the oxygen regulator is equipped with a right-hand nut to 
attach it to the gas cylinder. This serves as a safety to prevent 
using hydrogen regulator on an oxygen gas cylinder and vice versa. 
The high pressure gages, 0 to 3000 lbs. are the same on both regu- 
lators. The low pressure gages are 0 to 50 lbs. for hydrogen 
regulator and 0 to 500 lbs. for the oxygen regulator. In addition to 
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this, we use a left-hand nut on the hydrogen hose and solder a left- 
hand threaded brass nipple to the hydrogen regulator, so that the 
gas hoses cannot be attached to the wrong gas opening. 


Operation 


The method of operating oxy-hydrogen cutting torch is the same 
as with any other fuel gas, except in regulation of the flame after 
gas cylinder valves and the regulators are opened. The hydrogen 
is turned on at the torch and the regulator adjusted to the proper 
pressure for cutting, according to charts furnished by the appa- 
ratus manufacturers. These pressures are usually 5 to 10 lbs. ~The 
hydrogen is then ignited. Then the oxygen is turned on and the 
flame adjusted as follows: The oxygen supply is controlled through 
the preheating valve, with the torch held about 2 in. above a cold 
steel plate, until the black spot in the flame disappears. In the 
adjustment, the torch must be made to approach the steel plate so 
that the operator can be certain that the black spot has been 
eliminated from the flame. This is a very essential adjustment to 
good operation. The oxygen regulator is then adjusted to the 
proper pressure for cutting the thickness of metal. 

One of the decided operating advantages of using hydrogen is 
the fact that rust and scale, that is usually prevalent on any steel 
to be cut, has little or no effect on the cutting torch or the rate of 
cutting. 

When cutting is discontinued for the day the regulators should 
be closed and the hoses disconnected from the regulators. This 
avoids any possibility of gas leakage through defective valves 
building up explosive mixtures. This safety precaution should be 
taken regardless of the kind of fuel gas used. 

Another advantage of using hydrogen is the great depth that 
can be cut with it. This would seem to indicate wide demand for 
the process in steel plants, heavy foundries and scrap yards. 

Some of the uses that hydrogen could be used for would be: (1) 
For “lead burning” in storage battery manufacturing plants and 
battery repair shops; (2) for “lead burning” in chemical industry, 
where lead lining of steel and wood tanks is quite widely used; (3) 
for welding thin sheets up to 16 gage in general repair work. We 
have successfully welded 12 gage. (4) For cutting purposes uni- 
versally, where a portable gas cutting process is desirable, such 
as: (a) General cutting in connection with locomotive repairs at 
either large shops or round-houses. Much time and labor can be 
saved in cutting boiler side sheets, flue sheets, tubes, flues, crown 
bolts, staybolts and rivets. Old staybolts can easily be cut out, 
new ones applied, cutting them off ready for heading over. (b) 
In general welding of any kind for beveling the parts to be welded 
or cutting out the material, to permit of welding thick sections. 
(c) Cutting risers and gates from castings on the foundry floor 
before castings are cold. (d) In forge shops, for auxiliary cutting 
preparatory to forging, saving both time and labor. (e) Beveling 
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pipe preparatory to welding pipes in oil and gas lines, cutting 
entries in a constructed line to weld an auxiliary line to the main. 
(f) In serap yards, for cutting heavy pieces into more merchant- 
able sizes and in dismantling fabricated materials for the separa- 
tion or classification of scrap. 

Ever since the introduction of gas cutting processes, there has 
been a more or less radical attitude against the use of hydrogen. 
Even as long as 10 years ago, the writer recalls the “dangers’”’ 
of flash-back that was related regarding the use of hydrogen. The 
use of flash-back tanks and all that was held up as of vital neces- 
sity to the safe use of this gas. This is all an effort to discourage 
the use of hydrogen. As related previously, the use of hydrogen 
is even more safe than other much heralded gases. We have used 
it continuously for nearly two years in our repair shops, with con- 
tinued good success and economy. 


Fundamentals of Arc-Welding* 
C. A. BRITTON? 


The Red River Lumber Co., one of the largest Saw Mill plants in 
the world, is located in the Northern part of the State. When I 
entered their employ the arc-welding equipment consisted of one 
balancer set which had been rather carelessly installed and would 
not efficiently handle a 5/32-in. electrode. Later a 300 amp. alter- 
nating current welding transformer was installed and still later 
a 750 amp. transformer of the same type was added to the arc- 
welding equipment. It was at this place that I learned the value 
of heavy currents and large electrodes in making heavy repairs. 
Our scope was unlimited, if a piece was headed for the scrap pile 
we were expected to at least make an effort to save it and no fault 
was found if we failed, though I am happy to say that our failures 
were few and far between. With the A. C. transformers on heavy 
repairs we used electrodes of ordinary machine steels coated with 
a flux of slacked calcium carbide in sizes of from 7/16-in. to 5%-in. 
For experimental purposes I hooked up the two A. C. transformers 
in series parallel which gave a current of about 1100 amp. on the 
secondary or welding leads, and had no difficulty in maintaining 
an arc with a round bar of 1!% in. machine steel. To me it seems 
really pitiful to see an operator doing a job of arc-welding on a 
piece of 14-in. or thicker work with a 5/32-in electrode depositing 
21% lb. of metal per hour when the job would stand a 1% in. elec- 
trode which can be deposited at the rate of 15 lb. per hour. In 
my opinion a very large percentage of failures in welded struc- 
tures and the consequent criticisms of the process may be directly 
charged to small electrodes and small current values. With small 
electrodes and light currents are-welding becomes a highly difficult 


*Paper presented at January 1924 Meeting, San Francisco Section, A. W, §, 
*+Charge of Welding, Moore Dry Dock Co 
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operation requiring a high degree of skill on the part of the 
operator to make a properly fused joint. With large electrodes 
and heavy currents less skill is required and better fusion assured. 
While the phenomenon of joining two pieces of metal together with- 
out raising them to a red heat, and without applying pressure by 
means of the electric arc, is unquestionably a success nevertheless 
the operation is simplified in a very large measure if sufficient 
heat is used to raise the members being welded to a red heat. 
Electric arc-welding came into prominence, because of necessity 
for increased production. The electricians knew how to make the 
electrical connections, but they did not know how to weld. The 
welding foremen were well versed in the art of hot flame welding, 
but had little or no knowledge of the electric are. It was a de- 
hated question as to whether the operators should be under the 
jurisdiction of the electricians or the blacksmiths, but they were 
finally taken under the protective wing of the boiler makers. Is 
it any wonder that electric arc-welding has come in for much un- 
favorable comment during its rise to a prominent place in our 
industries. 

Another instance I might mention is the Moore Dry Dock Co., 
where I am now employed. The welding is under the author- 
ity of the boiler department. At the time I entered their em- 
ploy they were making an effort to build oil storage tanks of 
25,000 gallons capacity in the boiler shop by arc-welding. The 
bottom head was flanged and made of *-in steel; the shell was 
made of 14-in. plate and the conical top of 3/16-in. The longi- 
tudinal seams were butted, the girth seams were lapped and all 
seams welded on both sides. The boiler makers were not over- 
exerting themselves to make the welding of those tanks a com- 
plete success. I found welders working 25 ft. away from the 
generator with 200 ft. of cable in their circuit, the terminal lugs 
melted off and the end of their cables wrapped around bolts 
on the grids. Ten welders were working off a 1200 amp. 
generator, the commutator of which was quite gummy. The 
welders could maintain an are only with great difficulty. More 
than 350 lbs. of pieces of electrodes partly used from 5 in. to 8 in. 
in length covered the floor. A reading of the voltage across the 
are registered 17 volts. Electrodes of from '% and 5/32-in. were 
the sizes used. The tanks were being assembled vertically, which 
required that the butt seams, some of which were open as much 
as >, in. be welded in vertical position, and which necessitated 
welding half of the the girth seams in overhead positions. After 
welding the tanks were filled with water and two boiler makers 
put to work caulking them, which required from two to three 
days. Forty feet of welding was considered a large amount of work 
for one day. Necessary improvements were made to put the 
equipment in first class condition. The tanks were assembled in 
two sections, the girth seams welded in a “flat” position and the 
section inverted and the remaining girth seams also welded in a 
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“flat” position. The two sections were then assembled prostrate 
and the middle girth seam, flanges, man-holes and fittings welded 
in a convenient position. The caulking was performed by one 
man, using from three to five hours to cover the entire tank, and 
on two occasions tanks were inspected and passed before any 
caulking had been done on it. Electrodes of 3/16 and 14-in were 
used. The maximum number of feet welded in a day was per- 
formed by a welder named Hogan, who welded five complete girth 
seams in eight hours making 180 ft. 5 in. or at the rate of 2214 
ft. per hr. 

The welding of iron castings has been a much discussed subject 
and has resulted in a mass of conflicting results. While it appears 
that the principal field for arc-welding is with steel, there are 
many important repairs which may be satisfactorily performed 
on iron castings by means of the arc if the characteristics of cast 
iron under the heat of the are are thoroughly understood. It 
should be recognized, however, that there are certain classes of 
iron castings on which the arc is absolutely useless as a welding 
agent. In the case of steel we have a homogeneous substance with 
all elements in a state of solid solution. With iron castings we have 
an altogether different condition. Carbon, silicon, sulphur and 
phosphorus are present in large quantities and are mixed through- 
out the structure in an un-homogeneous manner. The carbon has 
been precipated and occurs in the graphitic state in thin flakes 
varying from microscopic proportions to 'g sq. in. in area. 
Graphite is light, having a specific gravity of about 2.25 as com- 
pared with 7.86 for pure iron. Consequently although the per- 
centage of graphite by weight may be only 4 per cent or less of the 
iron, by volume it may be as much as 14 per cent. While we know 
that with steel we can make an arc-weld that will be absolutely 
tight against any pressure which can be applied, a pressure tight 
weld on most grades of iron castings is a difficult problem and in 
many cases is not possible except by special treatment of the weld. 
In general the hot flame processes are far superior to the arc on 
iron castings, though there are many instances especially in the 
automotive field, where much time and money may be saved by 
satisfactory repairs with the arc. ; 

There are two ways in which expansion and contraction may 
be successfully handled, one is by uniform preheating and uni- 
form cooling; the other, by keeping the object from accumulating 
enough heat to set up thermal strains. This may be accomplished 
by immersing the object upon which the welding is being per- 
formed as nearly as possible in water or by welding a short dis- 
tance and plunging the weld in water before the heat has radiated 
into the work. 

For the future it seems to me that there is a very wide field 
for the development of electrodes with special elements such as 
vanadium, chromium, nickel, etc., also protection by suitable fluxes 
which will allow the special elements to be incorporated in the 
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weld metal instead of being combined with the oxygen of the air. 
For instance, on welds exposed to the action of sea water where 
the corrosion is exceptionally high, with an electrode containing 
copper which is an efficient agent in reducing the rate of corrosion 
of steel, it might be possible to remedy this condition. I believe 
that there should be a closer understanding between engineering 
departments and competent welders who ought to work in harmony 
for a solution of welding problems. 

A very considerable difference of opinion has existed as to the 
relative merits of alternating current and continuous current for 
are-welding purposes. In the case of brass or bronze welding, 
continuous current with the electrode positive is much more effi- 
cient than any performance I have been able to obtain from an 
alternating current transformer. The purchase of equipment 
should be governed to some extent by local conditions. For in- 
stance, at the Moore Dry Dock Co., as is the case in many plants, 
a central source of supply is wired to all points in the plant where 
welding may be required; all that is necessary is for an operator 
to take a length of cable with him and hook up. On the other 
hand as in the case of the plant, Red River Lumber Co., mentioned 
above, and which covers more than 500 acres of ground, the 
welding required outside of the welding shop would not justify 
the expense of wiring to all parts of the plant. An A. C. welding 
transformer of 300 amp. capacity may be carried to any part 
of the plant where connection may be made on any suitable motor 
switch. From the point of portability all arguments seem to be in 
favor of the A. C. transformer, also there are no moving parts to 
require repairs and if not abused they will, if properly constructed 
last a lifetime. Regarding price, the transformers cost less than 
motor generator sets and the cost of operation is less. It must, 
however, be recognized that the A. C. arc is less stable than the 
continuous current are and a flux which assists in furnishing this 
stability is indispensable unless high potential is used. With 
regard to the character of the weld metal there is no commercial 
difference, either process will give satisfactory results if intelli- 
gently applied, though the higher voltage of the A. C. trans- 
formers on open circuit may result in some discomfort to the 
operator if working under damp or wet conditions. 
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High Carbon Welding Metal 
C. A. MCCUNE+ 


The purpose of this paper is to present to those interested in the 
selection of high carbon welding materials the results of some ex- 
periments in this field. These experiments extend over a rather 
lengthy period and the results check my original findings on Low 
Carbon Welding Material in that grain structure and chemical 
analysis in suitable welding material are closely related.* The 
results also further substantiate the fact that welding material is 
not “just wire.” 

There is very little available data on the subject of welding high 
carbon steel parts notwithstanding the fact that the welding of 
high carbon steel represents approximately 3 per cent of all metals 
welded, this figure being arrived at from a survey of the field and 
from information secured generally throughout the industry. The 
percentage of each class being as follows: 


Gas Electric 
Low Carbon Steel 60% 88 % 
Cast Iron 19% 5% 
Bronze 
Brass 
Copper 19% 1% 
Aluminum, etc. 
High Carbon Steel, including ; 
Manganese Steels 1% 5% 
Alloy Steels 1% 1% 
100% 100% 


In these figures it is interesting to note that the percentages vary 
considerably according to the welding process involved. 

There are also some variations in these proportions depending on 
whether “job” welding or “industrial’’ welding is considered, but 
the figures as given may be taken as average. 

The maintenance and reclaiming of high carbon steel parts by 
the welding process, particularly where it involves the building up 
of worn surfaces subjected to abrasive wear is the field where most 
high carbon welding is at present applied. While this has been 
common practice for some time, it still presents many interesting 
problems not the least of which is the filling or welding metal. In- 
vestigation reveals that the chemical analysis of welding metal 
used at various times for such class of work includes Spring Wire, 
Tool Steel and all grades of Carbon Steels and various Alloy Steels 
of Nickel, Chrome, Vanadium and Molybdenum, the steel in some 
cases containing one or more alloys and in practically all cases the 


*A. W. S. Journal, June, 1922. 
+Research Engineer, Page Steel & Wire Co 
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wire furnished being of the ordinary commercial grade or what 
might be termed regular mill finish, except that in some instances 
electrodes carried a special coating or covering. 


Figure 1 Figure 2 
Micro-structure of .90 to 1.10 Micro-structure of .90 to 1.10 
carbon. electrode — deposit carbon. electrode — deposit 

secured .56 carbon secured .37 carbon 


In the desire to produce satisfactory welding results it is not un- 
common to find that welding materials of the same chemical com- 
position as the metal to be welded are often used, the anticipated 
results being based on the physical properties of metal having the 
same chemical analysis as the welding material. This relation 
does not hold true because in the melting of the rod during the 


Figure 3 
Micro-structure of .90 to 1.10 
carbon. electrode — deposit 

secured .08 carbon 


welding process there is considerable loss of the various elements 
of which the rod is composed. For example, in Chrome Steel, the 
Chromium content ranges from 0.60 to 0.90, and while Chromium 
as a metal is hard and in Chrome Steel serves a definite purpose, 
experiments show that in melting down a rod of this analysis there 
is not a sufficient amount of chromium in the deposit secured to 
be of any practical value. 
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Consideration also is not always given to the fact that the orig- 
inal metal of special or alloy steels are usually given a definite heat 
treatment to develop as far as possible the properties which war- 
rant the addition of the particular alloy and the extra expense in- 
curred in its manufacture. Commercial welding does not usually 
permit heat treatment and the benefits expected from the use of 
special steels are, therefore, not always derived. High Carbon 
Steel Welds should also be heat treated where this is possible.* 
Preheating and annealing at 1450 deg. to 1500 deg. F. is bene- 
ficial, but, however, not always necessary as this depends to a great 
degree upon the nature of the duties of the finished weld. For 


*T. D. Sedwick, American Welding Society, December 22, 1920. 


Metallic Are Electrode Deposit 


Figure 4 
Chemical Analysis Hardness Analysis 
Number (Carbon) (Brinell) 
1 (original metal) 42 .201 


123456 
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3 44 217 
4 57 .229 
5 .241 
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particular applications, such as building up shafts, axles, etc., pre- 
heating and annealing should be employed to eliminate hardened 
areas and strains, but for worn rails and ordinary building up 
operation where resistance to abrasive wear is desired, heat treat- 
ment has not been found to be necessary. 


Figure 5—Microphotographs of Electric Weld as shown in Fig. 4 


Location No. 6 Location No. 5 Location No. 4 
See Figure 4 See Figure 4 See Figure 4 


Location No. 3 Location No. 2 Location No. 1 
See Figure 4 See Figure 4 See Figure 4 


In building up worn high carbon surfaces it is naturally desired 
that the added metal possess, if possible, the same degree of hard- 
ness as presented by the original metal. It is not, as a rule, neces- 
sary to produce a surface of any greater hardness than the original 
metal. Besides, a surface of excess hardness adds materially to 
the cost of grinding, finishing, etc., as satisfactory deposits of this 
class are not readily machinable. 

It has been determined, however, that in building up worn sur- 
faces of straight carbon steels and to a considerable degree in 
High Manganese Steel, satisfactory results are secured by the use 
of a properly processed straight Carbon Steel Electrode or Gas 
Welding Rod of the correct chemical analysis. 

Welding rods used in the gas welding process do not involve the 
attention to processing required by electrodes. For gas welding % 
is necessary that the rod be of a uniformly correct chemical ang 
ysis, possess a well annealed, but not necessarily definite struc 
be practically free from physical imperfections and also free 
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inal metal of special or alloy steels are usually given a definite heat 
treatment to develop as far as possible the properties which war- 
rant the addition of the particular alloy and the extra expense in- 
curred in its manufacture. Commercial welding does not usually 
permit heat treatment and the benefits expected from the use of 
special steels are, therefore, not always derived. High Carbon 
Steel Welds should also be heat treated where this is possible.* 
Preheating and annealing at 1450 deg. to 1500 deg. F. is bene- 
ficial, but, however, not always necessary as this depends to a great 
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*T. D. Sedwick, American Welding Society, December 22, 1920. 


Metallic Arc Electrode Deposit 
Figure 4 
Chemical Analysis Hardness Analysis 
Number (Carbon) (Brinell) 
1 (original metal) 
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particular applications, such as building up shafts, axles, etc., pre- 
heating and annealing should be employed to eliminate hardened 
areas and strains, but for worn rails and ordinary building up 
operation where resistance to abrasive wear is desired, heat treat- 
ment has not been found to be necessary. 


Figure 5—Microphotographs of Electric Weld as shown in Fig. 4 


Location No. 6 Location No. | 


Location No. 
See Figure 4 See Figure 4 


See Figure 4 


Location No. 3 Location No. Location No. 1 
See Figure 4 See Figure 4 . See Figure 4 


In building up worn high carbon surfaces it is naturally desired 
that the added metal possess, if possible, the same degree of hard- 
ness as presented by the original metal. It is not, as a rule, neces- 
sary to produce a surface of any greater hardness than the original 
metal. Besides, a surface of excess hardness adds materially to 
the cost of grinding, finishing, etc., as satisfactory deposits of this 
class are not readily machinable. 

It has been determined, however, that in building up worn sur- 
faces of straight carbon steels and to a considerable degree in 
High Manganese Steel, satisfactory results are secured by the use 
of a properly processed straight Carbon Steel Electrode or Gas 
Welding Rod of the correct chemical analysis. 

Welding rods used in the gas welding process do not involve the 
attention to processing required by electrodes. For gas welding it 
is necessary that the rod be of a uniformly correct chemical anal- 
ysis, possess a well annealed, but not necessarily definite structure, 
be practically free from physical imperfections and also free from. 
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surface impurities. This also applies for Carbon Arce Welding 
Wire. 
Electrodes for the Metallic Arc Process present an entirely dif- 


5 67 


Gas Weld Deposit 


Figure 6 
Chemical Analysis Hardness Analysis 
Number (Carbon) (Brinell) 

1 (original metal) 46 .201 

51 .207 
3 207 
4 6 212 
5 62 217 
6 82 .229 
7 82 241 


ferent characteristic and the results of repeated experiments are 
such as to lead convincingly to the fact that electrodes should pos- 
sess a definite grain structure to produce essential welding quali- 
ties as indicated by a uniform arc, general ease of operation and a 
satisfactory uniform deposit. 

The following represent the results of tests conducted with 14- 
in. diameter straight carbon steel rods of the same analysis, viz.: 
0.90: to 1.10 carbon, all from the same heat of metal, but each 
-processed differently. These results indicate the change that oc- 
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curs when the grain structure of the welding metal is varied. (See 
Figs. 1, 2 and 3.) 

In the majority of cases these electrodes produced a wild or 
sputtering arc, and aside from the chemical analysis of the deposit 


Figure 7—Microphotographs of Gas Weld as shown in Figure 6 


Location No, 7 Location No. 6 Location No. 5 
See Figure 5 See Figure 5 See Figure 5 


Location No. Location No. 3 Location No, 2 
See Figure 6 See Figure 5 See Figure 5 


Location No. 1 
See Figure 5 
being far from that desired there was lack of penetration and the 
presence of a number of blowholes, the welding characteristics in 
some instances were satisfactory and in others entirely unsatisfac- 
tory. The current value used in these experiments ranged from 
175 to 225 amp. 
Figs. 1, 2 and 3 unquestionably show that although the welding 
material is of the same chemical analysis there is some other ele- 
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ment that demands consideration both from the standpoint of the 
deposit secured and the behavior of the arc. 

Duplicate rods when used for gas welding developed weld de- 
posits, the analysis of which ranged from 0.50 to 0.82 carbon, 
showing that the variations in structure did not bear the same re- 
lation in gas welding rods as developed by the electrodes. There 
was, however, some variation in the flowing qualities of the metal. 


Another method of taking samples for analysis 
Figure 8 


Figs. 4 and 5 show rail section and group of photo-micro- 
graphs show the results secured from an electrode that has been 
properly processed possessing a structure somewhat similar to Fig. 
1 but less hardened. The weldability is all that might be desired 
and the figures shown for the carbon deposit and hardness test indi- 
cate a weld deposit that is considered satisfactory. 

The results of these experiments show the percentage of carbon 
and manganese deposited from a properly processed High Carbon 
Steel Gas Welding Rod or Electrode of 0.90 to 1.10 carbon to be 
approximately as follows: 

Electric Gas 
Carbon 58 % 63 % 
Manganese 65 % 70% 
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In the investigation of specimens two methods of etching were 
adopted which were found to be most effective. A Copper- 
Hydrochloric Acid solution described by A. Fry in the Stahl u. 


FIRST LAYER RAIL 


Figure 9—Relation of Chemical Analysis to Brinell Hardness in deposit made on . 
carbon rail with .90-1.10 carbon rods by the Gas Welding Process 
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Raw 


Figure 10—Relation of Chemical Analysis and Brinell Hardness in deposit mack 
40 carbon rail with .90 to 1.10 carbon electrodes by the Metallic Arc Process 


SECOND LAYER FIRST LAYER RAW 


Figure 11—Relation of Chemical Analysis and Brinell Hardness in deposit made on 
-.9 Carbon rail with .99-1.10 carbon electrodes by the Metallic Arc Process 
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Eisen, Vol. 40, No. 18, May 6, 1920, pages 622, 623, was used to 
show the effect of the welding heat on the original metal. Hot 2 
to 1 Hydrochloric Acid was used to develop the lines of the various 
layers of deposited metal. 


Figure 13—High Carbon Weld in service six (6) months on manganese insert 


An examination of the data brings out the fact that there is very 
little difference in the hardness of the weld deposit and the original 
metal. This is shown more conclusively by the Rockwell than in 
the Standard Brinell Test. Due to the Rockwell impressions being 
so small it was possible to make a greater number of determina- 


Figure 12—High Carbon Weld in service six (6)months on ordinary rail head 
‘ 
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tions in a given area than with the Brinell method. Both methods, 
however, checked closely. 

Experiments so far do not indicate the need of any particular 
welding precautions for High Carbon Steel Welding other than 


hs on manganese insert 


bo 


High Carbon Weld in service six (6) mont 


those exercised in welding low carbon steel, except that in the 
metal are process the high carbon electrodes should be used positive 
whereas when welding low carbon steel the low carbon electrode 
is the negative and the work or metal to be welded is the positive. 

In the gas-welding process there are some who advocate hammer- 
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ing the first layer while hot and then proceeding as usual. Others 
advocate the usual practice of regular welding procedure. Both 
methods have been successful. 


While experiments on alloy or special steels have not progressed 


Figure 15—Worn Rail Reclaimed by welding showing weld ground flush 
to the point where definite conclusions might be drawn, it is rea- 
sonable to assume that if the relation of grain structure to chemical 
analysis applies to Commercially Pure Iron, Low Carbon and High 
Carbon Steel, definite relations should also apply in alloy steels 
and even be extended to the non-ferrous group as well. 
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Fig. 16 
Worn Rail reclaimed by welding 
To J. J. Flaherty of the Boston Elevated Railway, J. H. Nead, 
L. E. Frazier and others who contributed by practical welding ap- 
plications, material and laboratory determinations to the success 
of these experiments, I appreciation. 


Rules for Safe Handling of Cylinders* 


(Compiled by Gas Products Association) 
OXYGEN 

1. Compressed oxygen plus oil is explosive. Allow no oil or 
grease of any kind to come in contact with valve, negieator or any 
other portion of the cylinder or apparatus. 

2. When shipping empty oxygen cylinders to wasietaaver, 
lower portion of green tag attached to cylinders should be removed 
at the perforated line. Any green sticker label found pasted to 
the cylinder should be removed. Bill of lading should specify that 
the cylinders are empty and serial numbers of the cylinders should 
be noted thereon. 

3. Cylinders of oxygen, except those in actual use and in excess 
of approximately one day’s supply required in any one department 
or point about the shop, should be stored in a place where they 
will not be tampered with by unauthorized persons. 

4. Oxygen cylinders should be stored in a safe, dry place, where 
they will not be exposed to the heat of stoves, radiators, furnaces, 
or in the direct rays of the sun. Heat will increase the pressure 
and it may cause the safety plug or disk to melt or blow, thus 
allowing oxygen to escape, resulting in waste. If the escaping 
oxygen comes in contact with even the smallest flame it has such 
a tremendous influence upon combustion that a quick raging fire is 
liable to result. 


5. Cylinders of oxygen are never to be stored in the same room 


*Presented by Mr. C. T. Price at the March meeting of the Chicago Section, A. W. S 
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used for the storage of calcium carbide, cylinders of dissolved 
acetylene or other fuel gases, or with acetylene generators. 

6. Open flames of any description shall not be employed in any 
building used for the storage of oxygen cylinders. 

7. If cylinders are stored on the ground or open platforms, such 
locations should not be adjacent to points where there is a large 
amount of combustible material. 

NOTE :—While oxygen itself will not burn, its effect in aiding 
combustion, once a blaze is started, makes it important that rules 
4 to 7 inclusive be carefully observed. 


ACETYLENE, HYDROGEN, ETC. 


1. When cylinders of dissolved acetylene, hydrogen, liquid fue! 
gases or vapors are not in use, outlet valves shall be kept tightly 
closed, even though cylinders may be considered empty, and valve 
caps replaced. 

2. Cylinders should be stored in a safe, dry, well-ventilated place 
where they will not be unduly exposed to the heat of stoves, radia- 
tors, furnaces, or the direct rays of the sun. Heat will increase 
the pressure, or it may melt the fusible safety plug with which most 
cylinders are provided and which melts at a temperature of approxi- 
mately 212 deg. to 220 deg. F. 

3. No open flame, grinding tools, or spark-emitting devices 
shall ever be used within the storage building or compartment, and 
all artificial lights shall be incandescent electric and shall be in- 
stalled in accordance with the “National Electrical Code for Rooms 
in Which Inflammable Vapors May Exist.” 

Electric light switches, telephone and all other apparatus which 
may cause a spark must be located on the outside of building. 

All lamps shall be inclosed in vapor-proof globes of the Marine 
type. 

4. Cylinders of dissolved acetylene shall always be stored stand- 
ing upright with valve end up. 

5. When shipping empty dissolved acetylene cylinders and other 
fuel gas cylinders to manufacturers, lower portion of red shipping 
tag attached to cylinders should be removed at the perforated line. 
Any red sticker label found pasted to cylinder wall should also be 
removed. Bill of lading should specify that the cylinders are 
empty, enumerating the type and individual numbers of such cylin- 
ders. 

6. Under no circumstances attempt to transfer acetylene from 
one cylinder to another and never under any conditions attempt 
to compress acetylene into a cylinder. This work should only be 
performed by acetylene charging plants, and under conditions 
which comply with Interstate Commerce Commission regulations. 


GENERAL 


1. Oxygen cylinders and acetylene, hydrogen or other fuel gas 
cylinders shall not be transported or lifted by crane or derrick ex- 
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cept when they are in a cradle or substantial stand, and cylinders 
shall never be handled with electro-magnets or with rope or chain 
slings. 

2. Cylinders should be handled carefully, should never be 
dropped, and should be placed so they will not fall nor be struck 
by other objects. Knocks, falls, or rough handling are liable to 
damage the cylinder, valve or fuse plugs, and cause leakage, and 
may even result in an explosion. 

3. When exhausted cylinders shall be returned as rapidly as 
practicable to the storage building or place, and from there to the 
manufacturer. Empty cylinders should be marked “EMPTY” and 
stored apart from full cylinders to prevent confusion. Valve pro- 
tection caps must be replaced. 


“The Fusion Welding of Aluminum” * 
C. F. NAGLE, JR.+ 


As most of the recent articles on this subject have concerned 
themselves mainly with descriptions of welding apparatus and 
discussions of special pieces of welding work, such as the fabrica- 
tion of exceptionally large or complicated articles and as very 
little has been said regarding the principles and theories involved, 
this paper will take up the latter phase of the subject. 


At the present time there is an unnecessary and an unwarranted 
amount of mystery connected with the welding of aluminum. It 
is too frequently considered in the nature of a hereditary art. 
Welding is a metallurgical process and therefore the process and 
the results should be definite, controllable and consistently repro- 
ducable. To bring the art to this status, however, requires a cor- 
rect understanding and application of the principles involved. 

Our discussion will, therefore, concern itself with some of the 
physical laws and fundamental principles involved, and though 
we may consider these principles in some detail and even associate 
them with welding, the important thought which I want to impress 
upon you is that fusion welding of aluminum is a technical 
process, governed by simple, definite, understood, natural laws, and 
that those considered in this paper are among the most important. 
All of these laws are old to technical knowledge and taken sepa- 
rately will be recognized by all, but they have been too infrequently 
grouped together as comprising the workable laws and principles 
of welding. 

The act of welding is essentially the heating, melting, coalescing, 
freezing and cooling of metal. We will, therefore, just briefly 
consider these phenomena. 

*Paper presented at the February meeting of the Cleveland Section and the March 
meeting, New York Section, A. W. 8, 

tAluminum Co. of America, 
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As heat is applied to aluminum, the metal heats and in so doing 
expands. This fact is, of course, obvious to all, but it is not suffi- 
cient to merely recognize and accept that fact and then dismiss 
it from our further thought. It is important to analyze this phe- 
nomenon in some detail. 

The coefficient of expansion is the increase in length per unit 
length as the metal increases in temperature 1 deg. C. The co- 
efficient of expansion increases with increase in temperature and 
furthermore differs for various metals. That of aluminum is about 
twice as great as that of iron and about one-half again as much 
as that of copper. We will frequently refer to iron and copper 
by way of comparison so as to make a little more clear the point 
under discussion. Should we take a bar of aluminum, copper and 
iron, each 1000 ft. long, and heat them up to 100 deg. C., we will 
then find that the iron bar has increased in. length about 13 in., 
the copper bar has increased about 20 in. and the aluminum bar 
has increased about 27 in. This is, of course, greatly magnifying 
expansion above that with which we ordinarily are concerned. | 
have magnified it, however, to make it clear that expansion is not 
some abstract property which functions only theoretically and need 
not be considered practically. I want you to see that expansion 
is a very definite thing. In addition to thinking of expansion in 
relation to the volume or dimension change, we must also consider 
the irresistible nature of the force which produces this growth. 
Should we take a bar of metal of proper length so that it will just 
fit in between the walls of a room and then heat the bar, you all 
know what would happen. The bar would most likely punch a 
hole in the wall. If the wall were strong enough to prevent this 
happening then the bar would buckle. In any case the bar would 
tend to increase in length. The point I wish to illustrate is that 
expansion operates in all directions. If the bar is hindered from 
increasing its length, it will not assume its new required volume 
by merely becoming thicker like rubber. Of course, the bar will 
become thicker due to expansion, but it will also increase in length. 
The forces which produce this expansion are atomic in nature and 
they will not be denied. I, therefore, cannot over-emphasize that 
as we heat metal it will expand, and we must deal both with the 
new dimensions involved and also with the tremendous forces 
which produce this growth. 

Aluminum, copper and iron melt at different temperatures 
Aluminum melts at about 657 deg. C., copper at 1083 deg. C. and 
iron at about 1530 deg. C. Should we now heat each of these three 
bars to their respective melting points, wé will find that the alum- 
inum is now the shortest of the three. Therefore, we are inter- 
ested not merely in the coefficient of expansion but also the tem- 
perature change, because the product of these two determines the 
total expansion. 


So far we have considered this matter only when heating a 
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metal uniformly. In actual practice a metal is seldom heated in 
this manner. For example, in welding the heating is accomplished 
by applying a torch and so the object is not heated uniformly. 
Let us assume that a table top consists of a sheet of aluminum 
and we apply a torch to the center. The area in contact with the 
flame becomes heated. We find, however, that the sheet some dis- 
tance away from the flame also heats. This brings into consider- 
ation a new phenomenon, namely, heat conductivity. 


Heat conductivity is the ability to transfer heat. Metals are 
good conductors of heat, but this ability varies with different 
metals. At room temperature copper conducts heat about twice 
as rapidly as aluminum; in turn aluminum conducts heat four times 
as fast as iron. As a general rule, the heat conductivity of metal 
decreases as the temperature of the metal increases. Aluminum is 
an exception to this rule. As the temperature of aluminum in- 
creases from room temperature to about 600 deg. C., its ability 
to transfer heat doubles, with the result that though at room tem- 
perature copper conducts heat about twice as fast as aluminum, 
aluminum increases so rapidly in its ability to transfer heat that 
at 600 deg. C. it can transfer heat more rapidly than copper at 
the same temperature. This question of heat conductivity, and 
furthermore, this factor of change in rate of heat conductivity is 
of great importance in welding. We all realize that at times we 
are interested in applying heat and at other times we are interested 
in extracting heat from the metal and then the factor of heat con- 
ductivity assumes importance. 

Let us now connect this matter of heat conductivity with ex- 
pansion. We will again consider this table top as a sheet of 
aluminum. We have seen that as we apply the flame to the center 
of the sheet it will heat up at that point and the metal all around 
that central area will also heat up, but to a deereasing extent as 
we move farther from the point of heat application. The metal 
will tend to expand accordingly, the center growing more than the 
areas farther away. This tendency to grow can be accomplished 
only by a buckle forming in the sheet. If the plate is perfectly 
flat and at uniform temperature before heat is applied, the buckle 
will be convex, that is, the metal will rise towards the flame. It 
is worth while to consider why this is so. Why does the sheet not 
buckle downwards away from the flame? Simply because the 
surface nearest the flame becomes heated first, there is a tempera- 
ture gradient set up through the thickness of the sheet and the 
top surface must expand more than the bottom and this is accom- 
plished by the sheet buckling upwards toward the flame. This is 
only a detail, but it is a very important detail in connection with 
welding sheet because one of the major troubles and difficulties 
with which a welder is concerned is the warping and buckling of 
his work and the above are the underlying principles which pro- 
duce this buckle. 
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We have now briefly considered the question of expansion and 
heat conductivity resulting from the application of heat. All the 
heat which is put into the work must later be dissipated. When 
the metal cools all the processes described above will be reversed 
and where we have had expansion we will now have contraction 
and the net volume changes and forces involved will be equal in 
amount, though opposite in direction. Care must therefore be 
taken that the net result may be zero. If dimensions cannot come 
back to what they were originally the work will be buckled and the 
weld will be severely strained. In other words, we must consider 
a welded joint as a balanced system and bring all dimensions and 
forces back to equilibrium. 

The next factor which we want to discuss is specific heat. By 
specific heat we mean that amount of heat necessary to raise a 
certain mass of metal 1 deg. C. The specific heat of metals in- 
creases with increase in temperature and each metal has its own 
value. Aluminum has a specific heat about twice that of copper 
and about one-half again that of iron. Should we heat 1 lb. each 
of aluminum, copper and iron to their respective melting points we 
will find that it takes more heat to bring the aluminum to its melt- 
ing point than it does to bring copper to its point of fusion, though 
it takes a little less heat for aluminum than it does for iron. This 
order is based on equal weights. The order changes if we calcu- 
late to equal volumes. For example, if we had three plates of 
equal dimensions, one of aluminum, one of copper and one of iron 
of such a size that the aluminum weighed one (1) pound, we will 
find that the copper will weigh three and one-third (3.33) pounds 
and the iron will weigh two and eight-tenths (2.8) pounds. Should 
we heat each of these three plates up to their melting points we 
will find that the aluminum requires less heat than either of the 
other two. Usually in welding we are concerned with dimensions 
rather than weights. We think of welding in terms of thickness 
of sheet and width of weld, and from this viewpoint therefore alum- 
inum will take less heat than the other two metals. We are inter- 
ested in this phase of the matter because we must melt the metal by 
means of a small torch and we must bear in mind the quantity of 
heat required. We should also know how much heat the work 
contains because we must later dissipate this heat. 

We now have the metal at its melting point, though not molten. 
The act of converting a metal from its solid to its liquid phase is 
termed “fusion,” and the amount of heat required to accomplish 
this is termed the “heat of fusion.” The heat of fusion of alum- 
inum is about twice that of copper and about 214 times that of 
iron. We are interested in this factor of heat of fusion, as dis- 
tinguished from the amount of heat required to bring metal to its 
melting point, because the amount of heat required to fuse metal 
is the same in quantity as will later be liberated when the metal 
solidifies. This liberated heat may be dissipated either by radia- 
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tion to the surrounding atmosphere or by conductance to the base 
metal. Here the high heat conductivity of aluminum at elevated 
temperature is of decided benefit. It makes possible rapid dissi- 
pation of the heat in the molten weld metal, producing quick solidi- 
fication and consequently finer and stronger crystal structure. 
Furthermore, conducting this heat to the base metal at this in- 
stant serves to retard cooling and contraction of the base metal until 
the weld metal is better able to withstand the resulting strains. 

When considering the solidification of aluminum, one of the 
most important phenomena with which we have to deal is its 
hot shortness. By hot shortness we mean its lack of strength just 
at the end of solidification. Let us examine the cause of this hot 
shortness. 


Aluminum, even though we call it pure commercial aluminum, 
is not 100 per cent pure. The small amounts of impurities, usually 
iron and silicon, even though only 0.7 to 0.8 per cent, are sufficient 
to theoretically convert aluminum into an alloy. A pure metal, 
the same as any absolutely pure substance, will freeze at a con- 
stant temperature. Due to the fact that so-called pure aluminum 
is really an alloy, it does not freeze at a constant temperature 
We do not have time this evening nor is it necessary to study in 
any great detail nor with fine exactitude the phenomenon of an 
alloy freezing. The following explanation will serve our purpose. 
As the molten metal cools to its freezing point some quite pure 
crystals of aluminum will freeze out. These are called “primary 
crystals” because they are the first to solidify. They are of a 
higher purity than the mass of metal from which they separated, 
w.th the result that the concentration of impurities in the remain 
ing molten metal is increased. The increase in percentage of im 
purities in the remaining liquid then lowers its freezing point. 
In the meanwhile, the whole mass has been losing heat and the 
temperature of the mass has decreased to its new freezing point 
with the result that additional crystals of relatively pure aluminum 
freeze out. This new crop of crystals is not quite as pure as the 
primary crystals, but, nevertheless, they are purer than the molten 
metal from which they themselves solidified, with the result that 
the concentration of impurities in the remaining liquid is still 
further increased. This cycle continues and more and more crys- 
tals of aluminum freeze out. To be more exact, the above process 
is not intermittent and the successive increments of solidified metal 
do not necessarily start new crvstals, but the successive increments 
of solidified metal are mainly deposited upon the already formed 
primary crystals and these primary crystals thus grow. Just be- 
fore final complete solidification we will then have a condition where 
the bulk of the mass is frozen and consists of granular-like crys- 
tals, which may be considered as immersed in the remaining liquid. 
At this stage of the solidification there is just a very small amount 
of liquid remaining, just enough liquid to form films, separating 
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the solid crystals. It can readily be conceived that this mass would 
have no great strength. The metal, of course, is not molten and 
would not be handled as such. On the other hand, to all appear- 
ances it looks solid but actually it is not. This is what we eall 
its hot short condition and the metal in this condition will pull apart 
very easily. Fortunately aluminum passes through this range very 
quickly. Too much thought cannot be given to this matter, how- 
ever. Should we fail to provide for expansion and contraction 
with the result that the forces of contraction are seriously pulling 
the weld metal at this instant, it is easy to conceive that the tender 
metal! will fracture. 

As aluminum passes from liquid to solid it shrinks in volume ap- 
proximately 7 per cent. After it has been completely frozen it 
cools and in so doing contracts still more, the same as it previously 
expanded upon heating. 

Thus far we have considered the freezing of commercially pure 
aluminum. In the case of commercial aluminum alloys the mechan- 
ism is of the same character, but the freezing range is now increased 
and consequently the hot short period is longer depending, of 
course, upon the kind and amounts of alloying ingredients used. 

A solidified metal which has received no hot or cold working has 
a crystalline structure and is considered as being in the “‘cast con- 
dition.”” An unhammered weld is thus a casting. Pure aluminum 
with a “cast” structure has an elongation of about 30 per cent 
in 2 in. In a fixed piece of work where the two sides of a weld 
cannot move, contraction, and especially the contraction of the 
weld itself as it cools, must be compensated for by the weld metal 
stretching. Pure aluminum is sufficiently ductile to permit of con- 
siderable such distortion without fracture resulting. Aluminum 
alloys in the “cast” condition usually have much less ductility than 
pure metal and therefore they will not stand the same amount of 
stretch. When welding aluminum alloys, therefore, considerable 
attention must be given to so controlling contraction that the weld 
metal will not be called upon to stretch any appreciable amount. 

Let us now briefly apply some of the above principles to an 
actual case of welding. Imagine that we have before us two flat 
sheets of aluminum which we wish to join together by means of a 
butt weld. We will lay the edges of the sheets parallel to each 
other about 14 in. apart. One or both of the pieces of sheet are 
free to move. This is not actually the way such a job would be 
laid out, but let us see what will happen if it is done in this manner. 
Normally a welder will commence welding at one end and proceed 
continuously and at an even rate progressing towards the other 
end. In this instance let us imagine that he is progressing in steps 
of one inch length. He will fill the first 1 in. with molten metal, 
and there will then be a pool of molten metal approximately 1 in. 
long by 14 in. wide. This then solidifies and in so doing contracts. 
Aluminum contracts in volume about 7 per cent as it passes from 
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the liquid to the solid condition. After it has solidified the weld 
cools still further and consequently contracts still more and in so 
doing the edges of the sheet are pulled together. It is true that 
the sheets are pulled together only a small amount, but neverthe- 
less they are pulled together and the gap between the sheets is now 
no longer 14 in., but something less than that. The welder will 
then fill in the next 1 in. length. This section then freezes, cools 
and contracts and pulls the edges of the sheets still closer. As 
progress along the weld thus continues, we find that the edges of 
the sheets gradually close in until they touch. If the weld were 
of any length you can readily see that the edges of the sheet would 
soon overlap. To prevent this happening, therefore, a welder 
must lay down his sheets so that the edges will not be parallel, 
but so that they will be at an angle and as welding then progresses 
the sheets will be pulled together without overlapping resulting. 
Without understanding the various factors which influence this 
movement the proper laying out of the work is more or less a ques- 
tion of guessing. If the factors are understood, the proper gap 
can be quite correctly judged and furthermore if it should so 
happen that as welding draws to completion and it is noticed that 
the work was laid out with too great a gap or too small a gap, if 
the principles concerned are understood, it will still be possible to 
make correction. For example, if the welder finds that the edges 
are not closing in as fast as he had anticipated, he can make cor- 
rection by decreasing his rate of progress or by making a wider 
weld by melting a little more of the base metal. This produces the 
desired result, because there will be more metal to solidify and the 
metal will cool a greater number of degrees and hence contract 
a greater amount. So the sheets will really be pulled together 
more closely. On the other hand, if the edges are coming together 
too quickly the operator must speed up in his progress. He must 
then reduce the width of his weld to a minimum and move along 
as rapidly as possible. 

Just how much gap must be provided for depends upon several 
different factors and no definite laws can be laid down. For ex- 
ample, if the base metal is of heavy gauge, the weld will be neces- 
sarily wider and consequently the net solidification contraction 
will be greater. A greater gap will therefore be necessary than 
if thin sheet had been used. The kind of weld the operator makes 
will also influence results. The wider the weld the greater the 
contraction. Furthermore, as mentioned above the rate of progress 
is important. 

An apparently peculiar thing happens when making a longitud- 
inal butt weld on a cylinder. However, the action is as it should 
be. In laying out the work for such a weld the edges are neces- 
sarily parallel and not at an angle as would be the case for a flat 
job. The weld metal as it solidifies and contracts pulls the edges 
of the sheet together, as previously described, but as the work 
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consists of a cylinder, the net result is a tendency for the edges 
of the sheet to pull together and also upwards. This is equivalent 
to laying the sheet out with the edges at an angle to each other. 
Occasionally, particularly if the flame is not applied properly, 
there is a tendency for the sheet to bend down rather than up. If 
this is permitted to take place, the edges of the sheet will soon 
overlap. Therefore with this type of work it is frequently neces- 
sary to keep forcing the sheet upwards in front of the weld by 
hammering. 

There is one other direct application of the above principles, 
which I wish to briefly dwell upon and that is the necessity of 
heating both sides of the weld uniformly. Both sides must be 
heated equally so that the edges will melt at the same instant, 
otherwise a very uneven and bulky weld will result, because we 
must continue to heat the cooler side until that also is molten and 
in the meanwhile the side which has melted first is fused a still 
greater amount. In addition to this phase of the matter, uneven 
heating has another bad effect. If one side is heated more than 
the other, one side will expand more and this will then be equivalent 
to attempting to join two parts of unequal length. The whole 
assembly must later come to one temperature and as the parts 
were joined together when one side had been expanded more than 
the other, the difference in total contraction will set up very severe 
strains, perhaps warping the work and fracturing the weld. 

We could illustrate by many more special cases how these prin- 
ciples actually operate, but I believe the few given will suffice to 
emphasize that these principles do operate, that their effects are 
definite and of great importance, that they dare not be ignored, 
but that they may and should be controlled and so be made to 
serve our purposes. 

Thus far we have assumed that as soon as the two edges of a 
proposed weld have been melted that the metal will flow together 
and coalesce without any secondary assistance. Anyone who has 
welded aluminum will realize that this is not so. All aluminum is 
coated with a thin film of aluminum oxide and this coating prevents 
the easy coalescing of two surfaces of molten metal. This obstruct- 
ing film could be broken up mechanically by manipulating the weld- 
ing wire, but this would still leave the oxide incorporated in the 
weld and we all realize that to have a sound weld this oxide must 
be removed. There are various chemical compounds known as 
fluxes, which have the ability to dissolve aluminum oxide. There 
are a number of fluxes sold which are intended to serve this pur- 
pose. Some of these are good and some are not so good and some 
are absolutely unsatisfactory. 

A satisfactory flux for welding aluminum must have the follow- 
ing characteristics. The flux must melt at a suitable temperature 
below the melting point of aluminum. When molten the flux must 
have the ability to dissolve aluminum oxide. In addition to the 
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mere ability to dissolve this oxide, the flux must furthermore be 
capable of doing it very quickly, because there is very little time 
available to accomplish this act, and furthermore the dissolving 
capacity of the flux must be sufficient to take care of all of the 
oxide which might happen to be present. It would be of no use to 
merely dissolve some of the oxide and not all of it. The molten 
flux with the oxide dissolved in it must have a specific gravity 
less than that of molten aluminum and the difference must be 
sufficient so that the flux will quickly and readily come to the sur- 
face of the molten metal, and in so doing remove the oxide from 
the weld. The flux must be stable under the temperatures em- 
ployed and furthermore it must not deteriorate with time. Also 
it must not be too deliquescent. 

As mentioned above there are many fluxes on the market, some 
sood and some bad. Too much emphasis cannot be placed upon 
using a good flux and we should not be misled by the cost of the 
compound. After all the most expensive flux, and the most un- 
economical, is one which will not properly do the work required. 
Various fluxes are used in different ways, but it has been our 
experience with our own flux, which we have been using to our 
satisfaction for many years, and which is also on the market, 
that it is best to moisten it with water to the consistency of a thin 
paste just prior to using. If a welding wire is used, the wire is 
dipped into this wet flux, or if no filling metal is used, the flux is 
applied to the joint by means of a brush. In this manner, the flux 
is supplied to the weld where, when and in the quantities required. 
Furthermore, being applied in the moistened condition there is 
less tendency for it to be blown away by the flame. 


As soon as the weld is completed the work should be thoroughly 
washed with hot water. This is for the purpose of removing all 
traces of flux, because, such flux, if permitted -to remain on the 
sheet, will cause corrosion. It is not a difficult matter to wash off 
this flux as it is quite soluble in hot water, but we must not slight 
doing it properly. There have been a few complaints of welds 
corroding. To my knowledge, investigation has shown everyone 
to have been due to failure to thoroughly wash the weld and as 
soon as the washing was done thoroughly the difficulty disappeared. 

I have intentionally concentrated upon those factors which if not 
controlled or handled properly offer the greatest potential difficul- 
ties and I have done this knowing full well that it is human nature 
that after one has concentrated his attention for some time upon 
the difficulties of a problem, to feel that the problem is indeed a 
difficult one. I would not want you to be misled by such a reaction 
in this instance. The welding of aluminum, and excellent welding 
too, is not really a very difficult process. As stated at the beginning 
of this paper, welding is a metallurgical process and consequently 
largely governed by natural laws. The mere existence of such 
laws should cause us no anxiety. Excellent consistent results will 
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be obtained if we will study and understand the principles involved 
and then employ them correctly. Ignore them and troubles may 
be expected. Understand and use them correctly, and there will 
be no difficulties. I wish to repeat that excellent welding of 
aluminum is done day in and day out all over the world. The 
automotive, aircraft, utensil, equipment fabrication industries, 
etc., are daily making thousands of good aluminum welds and 
doing it with exceptionally little difficulty. 

The aluminum welding industry is full of promise and optimism 
for it is growing both in volume and in nature. The comparatively 
recent advent of heat treated aluminum alloys has broadened this 
field. These alloys, having an average tensile strength of about 
60,000 lb. per square inch with a specific gravity about the same 
as that of pure aluminum, produced in all forms required, should 
not be considered as a substitute for other materials. They should 
be considered as a new engineering material. The modern engineer 
can no longer afford to think merely in terms of iron, copper and 
zine, for example, but he must think in terms of iron, copper, zinc 
and aluminum and its alloys. He has a new material, and if he 
does not think of all the materials at his disposal he is not a real 
engineer. I am introducing this subject of light aluminum alloys, 
because I have occasionally seen and heard comments to the effect 
that these aluminum alloys cannot be satisfactorily welded. Such 
statements are misleading and founded on lack of facts, and I 
wish to correct any possible misinformation. It is quite true that 
at the present time the welding of some of these alloys has not 
been developed to where such work may be placed in the shop 
with impunity. However, I have seen good welds made with these 
alloys. I think we can confidently expect that the welding of 
these high strength aluminum alloys will also become a regular 
commercial proposition just as the welding of pure aluminum and 
its older alloys has been for some years. 


Gas Welding Aluminum * 
S. W. MILLER? 


Aluminum is seldom used in its pure condition, as it is too soft, 
and in repair work, only the aluminum alloys—principally in the 
form of crankcases, transmission cases, and other automobile 
parts—are encountered. In the United States, the usual alloy 
contains, at the present time, about 93 per cent of aluminum and 
7 per cent of copper. 

Flux for Aluminum Welding 


It is frequently stated that it is impossible to make a sound 
weld in aluminum without a flux which will destroy the oxide. 


*An abstract from a chapter in “Oxy-Acetylene Welding,” by S. W. Miller, presented 
at the March meeting of the New York Section. (Book copyrighted and published by 
Industrial Press, New York). 


*Research Engineer, Union Carbide and Carbon Research Laboratories. 
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Aluminum oxide is exceedingly resistant to the action of any acid 
or alkali even at a high temperature. Therefore, the flux used in 
welding must be very severe in its action. The danger in using 
some kinds of flux is that an excess, unless it is removed in some 
way, will damage both the metal in the weld and that surrounding 
it. Another objection to the use of flux is that the surfaces to be 


Figure 1-—Photo 1 is section of an aluminum weld made without flux; No. 4 

is a section made from a weld using flux; No. 3 is a section of part of the 

original casting in which welds in Nos. 1 and 4 were made; No. 2 is a section 

from a transmission case of a high class automobile. Note that Nos. 1 and 4 

are as good as or better than Nos. 2 and 3; also that all pieces are defective, 
all sections enlarged four times 


joined must be thoroughly cleaned, because the flux is designed 
to remove oxide of aluminum and not grease and dirt which are 
always present in repair work. The time occupied in cleaning the 
dirt out of the crack or break is considerable, and in most cases 
the weld can be made without flux in the time required to clean 
the piece thoroughly. Again, it is not possible, even by the use of 
a flux, to avoid some porosity in a weld; and further, in the best 
aluminum castings there may be, and frequently is, greater 
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porosity than in a well-puddled weld. In view of these facts, the 
author doubts the advisability or necessity of using flux on 
castings. 


Welding Without Flux 


The method recommended, and which is used by many ex- 
perienced welders in the case of cast aluminum is to thoroughly 


Figure 2—Repair made in lower half of a crank case 


puddle it without any preparation, except wiping off the dirt and 
grease. There is an additional advantage in not making a V at 
the break in the case of aluminum, which is that because the sec- 
tions are generally thin, the contraction of the weld is better re- 
sisted by the piece being allowed to retain its full thickness, al- 
though, of course, the contraction is not entirely avoided. 


Procedure in Welding 


In all ordinary cases, the metal should be melted with the torch 
until the bottom of the crack is reached, using a puddling rod all 
the time, and the metal should be allowed to sink below the lower 
surface of the crack, forming beads. These beads can be removed 
afterward, either by the torch and puddling rod, or by chipping 
or filing. In welding thick pieces, the work must be done from 
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both sides. In this case too much of the welding should not be 
made on one side at once. It is better to weld, say, 2 in., on the 
first side, and then turn the work over and finish welding the 2 in. 
on the other side, then proceed along 2 in. further, and again 
turn the piece over and weld 2 in. more on the first side. The 
reason for this is that aluminum is somewhat brittle near the 
welding temperature, and cracks are likely to develop, particularly 
in a long weld, if all the weld is made on one side first, and then 
finished on the other. On account of this brittleness, a weld in 
aluminum must be made quickly. Slow work is fatal to good 
results. It is occasionally necessary in a long weld to have two 
welders start at the middle of the crack, and work toward the 
ends, to avoid shrinkage cracks. 


Character of Flame 


It is frequently recommended that a flame with a slight excess 
of acetylene should be used when welding aluminum, to prevent 
oxidation and to reduce the temperature. A very slight excess 
is all that is needed for the former reason, but it has not been 
found, in practice, necessary to use such a flame, and a neutral 
flame is recommended. The practice of using an excess of acetylene 
doubtless originated in the early days of the process, when nearly 
all torches gave an excess-of-oxygen flame, which later and better 
designs will not do, and it is not now necessary, with a good 
torch, to use an excess-of-acetylene flame. With regard to the 
flame temperature, it is.obvious that if it is too high, with a very 
slight excess of acetylene, a smaller size of tip should be used. 
There is no advantage in burning more gas than necessary. 


Preheating 


It is always safest to preheat an aluminum casting to about 500 
deg. F., to take care of the contraction strains as much as 
possible. During the preheating the piece should be covered with 
asbestos paper, to keep the temperature as uniform as possible. 
This covering should not be removed while welding, except where 
necessary. After welding, the part should be reheated, and either 
allowed to cool in the fire, or be wrapped in asbestos paper, and 
allowed to cool slowly and free from the influence of drafts. It 
is generally true that if no crack appears in a few minutes after 
welding, none will occur at all; therefore, it is well to leave the piece 
in the fire and examine it at a short interval after welding. If 
the weld is sound, it can then be packed away with little fear of 
trouble. 

In many cases, as with other metals, it is not necessary to pre- 
heat; as, for instance, small pieces, or where a lug or projecting 
piece is broken off, the break being at some distance from the 
main part of the casting. In fact, in such instances as the break- 
ing off of a lug in an aluminum manifold, preheating is dangerous, 
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as too much heat will tend to bring the body of the piece to the 
temperature at which it will suddenly sink away from its original 
shape. The beginner will also, until he learns by experience, have 
the same trouble when he lifts up a piece to turn it over before 
it has set solidly, as it will either distort or fall to pieces. 


Manipulation of Welding-rod and Torch 


Too much metal should not be added from the welding-rod at 
one time, and what is added should be thoroughly puddled with 
the welding-rod while it is being added and afterward, until there 
is a melted pool at that point and the proper union has been made 
with the surrounding metal. The surplus metal should be scraped 
off with the puddling rod while in a pasty condition, as it contains 
much oxide, and the welder should be sure to make a good junction 
at the edge of the weld. The manipulation of the torch with one 
hand and the welding-stick with the other, the latter having to be 
laid down and the puddling-rod picked up at frequent intervals, 
is rather difficult. Some welders find it easier to hold the torch 
in the left hand, although ordinarily right handed; others find the 
opposite way to be the easier. In either case, the trouble is caused 
by the difficulty of working with both hands at once. 

When adding the metal from the welding-stick, it should be con- 
tinually rubbed into the melted pool in order to avoid oxidation and 
to work the oxide to the surface. A beginner should weld and 
break quite a number of test-pieces before he attempts any im- 
portant work. He should not be discouraged at the result of his 
first attempts, which are certain to be unsatisfactory, much more 
so than with any other metal, although aluminum is very easy 
metal to weld, after the difficulties in handling it have been 
overcome. 


Welding Sheet Aluminum 


The preceding paragraphs refer especially to repair work on 
castings. In the case of sheet metal, the procedure is different. 
Before commencing to weld, the edges of the joint are carefully 
squared, cleaned and fluxed, frequently by dissolving the flux in 
alcohol and painting it along the edges to be welded. Practically 
all work, except sheets of very light gage is butted, the thin sheets 
being lapped or hooked; or it will be found advantageous at times 
to turn up the edges at right angles so as to form sufficient excess 
of metal for filling in the joint. By this method it will be clearly 
seen that heterogeneous metal does not enter the weld, the joint 
being entirely composed of metal identical with the surfaces to be 
joined. 

The flame is usually applied at an angle of about 45 deg. to 
prevent burning, but for thick sheets of 3/16 in. and upwards it 
may be directed nearly perpendicularly upon the work. It must 
be remembered that the flame gives a temperature about four times 
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the melting point of the metal, and that there is quite a blast 
from the gas pressures in the torch, so that, in thin metal, there 
is nothing to prevent holes from being formed in the aluminum, 
except the dexterity of the worker. An expert can make good 
welds in sheet aluminum 0.008 in. thick. Speed is the prime re- 
quisite, and the welder should be able to run down the joint with 
the torch and rod at a uniform rate. In view of the great expan- 
sion of aluminum when heated, a considerable opening must be left 
at one end when commencing to weld, which opening will, of 
course, close up as the work proceeds. While the thermal con- 
ductivity of aluminum is higher than that of iron, this is offset by 
the lower melting point, so that generally the same size of tip 
can be used for aluminum as for cast iron of the same thickness. 


General Requirements in Welding Aluminum 


In welding aluminum with the oxy-acetylene torch, it is essential 
that the acetylene and the oxygen used must be in a state of high 
purity, as at the great temperature of the welding flame, aluminum 
tends to absorb nitrogen, and if this impurity exists in the oxygen 
it will render the work brittle and unreliable. It is known to those 
who have attempted to weld aluminum, by means of the oxy-acety- 
lene flame that, when two pieces of the metal are to be welded to- 
gether at their edges, the melted parts do not flow together prop- 
erly, as in the case of iron where the melting point of the oxide is 
lower than that of the metal. The molten aluminum spreads in 
spherical form under the influence of the welding flame. These 
metallic pellets consist of pure aluminum within a coating of 
alumina (oxide of aluminum) which has great power of resistance 
to the flame, and, on cooling the edges of the metal remain un- 
joined; hence, the need of a flux to remove the oxide film and 
permit the fused metal to flow satisfactorily together. 


Skill Required by the Welder 


The success of welding aluminum autogenously depends to a 
great extent upon the intelligence and ability of the operator. It 
is possible for a competent welder, at his own discretion, to give 
a greater or less strength to the welded part, and for this reason 
it is impossible to draw conclusions from the work of one operator 
as to the work of another. An expert in aluminum welding is dis- 
tinguishable by his care in the preparation of the surfaces to be 
welded; judgment in preheating and reheating (or annealing) of 
the work; the choice of a well-constructed torch; the determination 
and maintenance of the correct proportion of oxyen and acetylene 
issuing from the nozzle of the torch; in the entire application of 
the system; the estimation of the area to be fused in each partial 
operation, the manipulation of the welding flame at the right 
moment when fusion has proceeded so far that complete welding 
is assured. the dexterity in preventing the deformation of the metal 
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under the torch; and lastly, the rapidity and ease of the operation, 
thereby preventing the overheating of the metal and the avoidance 
of damaged welds. Most of these requirements, of course, also 
apply to the welding of other metals. 
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special tube and shape welding, progressive corner welds, progressive welding 
of plates and drums without filler rod, edge preparation, progressive welding 
with filler rod, simultaneous or compression welding. 

Oxy-Acetylene Welded Chemical Equipment, Aluminum, Chemical Age, 
Nov., 1923, Vol. 31, pp. 511-12. 

Oxy-Acetylene Welding of Metal Appliances, Sheet Metal Worker, Dec. 7, 
1923, Vol. 14, pp. 866-7. 

Proper Handling of Cylinders, H. Llewellyn, Welding Engineer, Vol. 9, 
pp. 24-28. Cylinder for compressed gases, reducing the transportation cost, uni- 
versal benefit of cooperation, handicaps from overbuying, avoiding damage 
by prompt return. 

Rail Welding Improvements, R. B. Fehr, Electric Traction, Vol. 20, Feb., 
1924, p. 88. Advantage of new process, hand feeding. 

Recent Developments in Welding Methods, Wm. Spraragen, American Ma- 
chinist, Jan. 17, 1924, Vol. 60, p. 79. Electrodes for welding cast iron, welding 
in the oil field. 

Reconstructing Track For $7.72 Per Lineal Foot, Electric Traction, Vol. 
20, Feb., 1924, pp. 85-7. Oklahoma railway reconstructs 3500 feet of double 
track by modern methods at low cost, reconstructing, rehabilitation methods, 
broken concrete utilized, joint welding, difficulties ‘encountered. 

Some Effects of Brazing and Welding, H. C. Knerr, Forging, Stamping, 
Heat Treating, Jan., 1924, Vol. 10, pp. 33-37. Effect of heat treatment, effect 
of brazing and welding, bronzing, acetylene welding, electric spot welding. 

Training Welding Operators, Iron Age, Feb. 7, 1924, Vol. 113. Gas welding 
taught progressively, arc welding students start on flat work. 

Using a Welding Outfit in Renewing Babbitt Bearings, T. Hall, Power, 
Feb., 1924, Vol. 59, p. 259. 
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Welding All-Steel Automobile Bodies, J. W. Meadowcroft, Iron Age, Nov. 
29, 1923, Vol. 112, pp. 1457-8. Apprentice training, three welding methods 
used, design own copper dies. 

Welding Aluminum, Sheet Metal Worker, Nov. 23, 1923, Vol. 14, pp. 827-8. 

Welding by Means of the Electric Arc Process, Boiler Maker, Nov., 1923, 
Vol. 23, pp. 306-8. A comparison of the costs of the different welding processes 
as applied to railroad shops. 

Welding and Cutting in Freight Yard Repairs, Railway Mechanical Engi- 
neer, Feb., 1924, pp. 88-90, Vol. 98. Limitations of ARA rules, necessity for 
welding, conditions under which welding must be performed, characteristics 
that must be obtained, caliber of workmen, welding cast steel truck sides, weld- 
ing truck bolsters, welding spacing castings, draft arms and coupler yokes, 
welding axles, welding spring planks, cutting in connection with car repairs. 

Welding Locomotive Tires, Railway and Locomotive Engineering, Jan., 
1924, pp. 21-23, Vol. 31. Details of an elaborate investigation as to the effect of 
building up flanges. 

Welding Stellite With the Oxy-Acetylene Torch, Herman Ullmer, Indus- 
trial Gases, London, Dec., 1923. 


Bound Volumes 


Journal of American Welding Society 


NOW ON SALE 


Includes Index of Subjects and Authors 
Price per Copy: Members, $5; Non-Members, $10 
Volumes | and 2 Now Ready 


American Welding Society 
33 West 39th Street 
New York, N. Y. 
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VALUE OF MEMBERSHIP IN THE AMERICAN 
WELDING SOCIETY 


1. The American Weldmg Society is a national organization representing 
the highest standards of the welding industry. 


_ 2, The work of its various committees is an important and valuable 
factor in developing, stabilizing and standardizing the entire welding 
industry. 


3. Membership will help increase your knowledge of welding and help 
you to improve your application of the process. 


4. You are offered many opportunities to make personal contact with 
the leaders of the industry. 


5. You will protit by the experiences of the finest trained minds in the 
welding industry—experience which will save you money. 


6. You will receive a monthly publication giving reliable data on the 
development of the art. 


7. By supporting the Society you will help raise the standard of welding 
efficiency and help to increase the number of efficient welders. 


8. Section meetings and publications of the Society offer a medium for 
the presentation of your knowledge of welding and the discussion of the 
views of others. 


9. Your support will help the Society to counteract adverse legislation 
and other activities which may not only retard progress of welding but also 
affect your business. 


10. Increased membership will help us carry out new activities, will 
help us maintain departments, which at the present time our limited finances 
will not permit, such as Employment Bureau, Library Facilities, Standard- 
ization Work, etc. 


Welding is the most economic process developed for the industrial 
world and deserves your full support. Write to the Secretary for an 
application blank. 


CLASSES OF MEMBERSHIP 


Class A. Sustaining members, being individuals or individuals delegated by corporations, firms, 
partnerships, etc., interested in the science and art of welding, with full rights of membership. Annual 
dues $100.00. 


Class B. Members, being individuals interested in the science and art of welding, with full 
rights of membership. Engineers or individuals competent by experience or training to plan or 
direct welding operations are eligible te this class. Annual dues $20.00. 

Class C. Associate members with right te vote but not to hold office, except in Sections as may 
be provided for by the By-Laws of the Sections. Supervising welders, inspectors and skilled operators, 
with three or more years practical experience in welding, are also eligible te this class. Annual 
dues, $10.00 


Class D. Operating members, who are welders or cutters by occupation, without the right to vote 
or hold office except in Sections as may be provided fer by the By-Laws of the Sections. Annual 
dues, $5.00 


American Welding Society 


33 West 39th Street 
NEW YORK, N. Y. 
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PROGRESS IN WELDING 


To progress in welding you must be a reader of the 
Acetylene Journal—a monthly magazine, now in its 25th 
volume, devoted to oxy-acetylene welding and cutting. 


Its articles are interesting, instructive and well illustrated. 
Contributed to by men of experience in all the different 
branches of the industry. Each issue contains information 
you can not afford to be without. 


A request will bring you a sample copy, which will prove 
that the Journal should be a part of your equipment. 


Price $2.00 in the United States and Canada 
Foreign $3.00. 


STUART PLUMLEY, Managing Editor 


ACETYLENE JOURNAL 


53 WEST JACKSON BLVD. CHICAGO, ILL. 


All books on gas welding may also be obtained through this office, including 
the famous “Autogenous Welding” by Granjon & Rosemberg (price $3.00), for 
which this office has the exclusive American rights. 


= 


Take the GUESS WORK Out of Welding 


IN YOUR PLANT there is a man who needs timely and accurate informa- 
tion about welding. He should know what is being done in other plants 
to reduce costs and increase efficiency. No matter what your welding 
problem may be, The Welding Engineer is the best source of information, 
the best adviser you could have. Every phase of welding, both manufac- 
turing and repair problems, is discussed fully in this valuable monthly 
publication. The best authorities in America on the subject of welding 
are regular contributors. 

Every process. of welding is discussed by The Welding Engineer. Arc 
Welding, Electric Butt, Spot and Seam Welding, Oxy-Acetylene and the 
Thermit System, in fact every known process of joining metals is discussed. 
Its Buyers’ Index reflects the progressiveness of America’s first manufac- 
turers. 


L. B. MACKENZIE, Eprtor H. S. CARD, Associate Eprror 


Price $3.00 in the United States and Canada; $4.00 Abroad 


Write for free sample copy for convincing proof that 
The Welding Engineer is indispensable in your business 


The Welding Engineer ot 


Papers, Inc. Cirevlations 


608 S. DEARBORN STREET, CHICAGO 
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AUTOMATIC 


AUTOMATI 
SPOT 


GIBB WELDING SERVICE 
EMBRACES 


First—A complete line of Electrical Welding Equipment, making 
possible the best type machine for the job taking all facts into 
account. There are cases when either an arc or a spot welder might 
be used; an are or an automatic arc; an automatic are or an 
automatic seam. Gibb Welding Service advises that which is most 
applicable. 

Second—Sales Engineers who quickly recognize the nature of a job, 
and who from experience and an intimate knowledge of our complete 
line are in a position to determine the best solution. 

Third—An up-to-date factory capable of following out the ideas of 
the engineer and his client. 

Fourth—Installation Engineers of experience with welding machines 
and their application to production. 


Tell us what you want to weld—let us 
give you the benefit of our experience. 
GIBB INSTRUMENT COMPANY 


Bay City, MICH. 


PHILADELPHIA DETROIT CLEVELAND CHICAGO 
521 Arch Street Gen. Motors Bldg 2104 Superior St. 428 Peoples Gas Bidg 
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Arc Easily Maintained 


Klectric Arc Welding requires concentrated effort and 
careful work. The difficult thing with many equipments is 
to keep the are from “going out.” 


The instant response of the Lincoln Welder enables the 
operator to keep his are going throughout the weld without 
undue eye or muscle strain. The difference this makes in 
a day’s output is hardly believable. In actual practice the 
operator will do at least 20% more work per day on the 
Lincoln Machine. 


THE LINCOLN ELECTRIC CO. 


General Offices and Factory: 
CLEVELAND, OHIO 


The Lincoln Electric Co. of Canada, Ltd., Toronto-Montreal 
European Representatives: Allen-Liversidge, Ltd., London 


BRANCH OFFICES 


Boston Cincinnati New York City 
Buffalo Detroit 


Philadelphia 
Charlotte, N. C. Ft. Worth, Texas Pittsburgh 
Chicago Minneapolis 
Smith Booth Usher Co., San Francisco, Los Angeles 
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MACHINEABLE WELDS ON CAST IRON 


have been accomplished the world over with Wilson Color-Tipt 
Welding Metal Grade No. 12. — — — -— Why not for you? 


WILSON WELDER AND METALS CO. 
NEW YORK, N. Y. 


MILBURN 


Milburn miniature catalog just off the press describing MIL- 
BURN Apparatus will be sent you upon request. Write for 
Catalog No. 354. 


THE ALEXANDER MILBURN COMPANY 


1416-28 W. Baltimore Street, Baltimore, Md. 


Swedox 
Welding Rods 


and Wires 


LEKTROX SWEDOX NICKOX CYLKOTE 
NONOX SWEDOX KROMOX MANKOTE 


RAILOX 
ARC CARBOX MANGANOX TOBIN BRONZE 
GAS CARBOX STEELKOTE BRAZOX 
CASTOX LEKKOTE BRONZOX 


VANOX ALUMINOX MANGANESE BRONZE 


The above list of Welding Rods covers the American Welding Society's Speci- 
fications E-No. 1A, E-No. 1B, E-No. 1C, G-No. 1A—Folio Nos. 1-E and 1-G, and a 
large variety of other analyses developed by us for special purposes. 


Put your welding problems up to our experts—(Demonstration will be made 
wherever possible.) Free samples of any rod sent upon request. 


Chicago Office and Detroit Office and 


Warehouse Warehouse 
127 North Peoria St. Gyttrol &e Bellevue & Warren Aves 
CHICAGO, ILL. DETROIT, MICH. 
Phone Haymarket 74100 Phone Melrose 4032 
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@ NEW MODEL K 
CUTTING TORCH 


The Rego C cutting torch has always been a 
leader because of its speed and economy 
of cutting. It was hard to conceive how 
it could be improved. But Rego en- 
gineers are never satisfied and have 
Mixing developed the new Rego K 
Chamber Kutter. This puts Rego so far 
mE Ti ; ahead of all other cutting 
in Every lip torches that there is no 
comparison. 
Each Rego K tip con- 
tains its own mixing 
chamber. This construc- 
tion insures perfect mixture 
and full heat value—covered 
by basic patents. Preheating 
holes as a part of the tip are alsoa 
patented construction. It will pay 
you to be sure that the equipment you 
use is manufactured under these basic 
patents. 


RESO K Kutting Torch 


A torch designed for all general cutting work in rail- 
road shops, ship yards, scrap yards, steel mills and 
foundries. Small tip nut makes it especially handy 
for close work, such as cutting risers from castings, 
and removing rivet heads. 

Length 20 inches. 


Price—K Torch, 5 Tips, $55.00 
Write for Full Details 


Distributed Nationally By 


Kentucky Oxygen Hydregen Co.. Logan St. & Goss Ave.. Louisville, Ky. 
Weldox Equipment Ce. 3 Millard Ave., N. Tarrytown, WN. 
international Oxygen Co.. 796 Frelinghuysen Ave.. Newark, WN. Jj. 
Gas Products Co., Cetumbus, Ohie. 
Memphis Oxygen Co.. 682 Se. Main St.. Memphis, Tenn. 
St. Paul Welding & Mfg. Ce., 174 W. Third St.. St. Paul, Minn. 
Acme Oxygen Co., Pershing Read at Racine Ave.. Chicago, Iii. 
Welderaft Equipment Co.. 2723 Liberty Ave.. Pittsburgh, Pa. 
The Bastian-Blessing Ce., 252 East Ontarie St. Chicago, I. - 
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ROEBLING WELDING WIRE 


CONFORMS TO THE SPECIFICATIONS OF THE 
AMERICAN WELDING SOCIETY 


Roebling Welding Wire gives satisfactory 
service and demonstrates its efficiency and 
reliability. Exacting tests have proven 
that it possesses those qualities essential 
to good welding. 

lf you are not using Roebling Welding 
\Vire, it amply merits your consideration. 


Roebling copyrighted trade-mark JR stamped on each ELECTRODE 


JOHN A. ROEBLING’S SONS CO. 
TRENTON NEW JERSEY 


ACETYLENE IN PORTABLE 
CYLINDERS FOR OXY-ACETYLENE 
WELDING AND CUTTING 


Do you understand our free loan cylinder plan? 


If not, 


We are glad to explain 


Supplied in the following size cylinders: 
10” x 30” —tapacity 125 cu. ft. 
12” x 36”"— * 
12” x 1“ 


Prompt and efficient service on any quantity through plants 
and warehouses and truck deliveries. 


Commercial Acetylene Supply Co., Inc. 
(Main Office) 80 Broadway, New York City, N. Y. 


BRANCHES: 

421 Trust Co. of Georgia Bldg., Atlanta, Ga. 
80 E. Jackson Boulevard, Chicago, Ill. 
553 Monadnock Bldg., San Francisco, Cal. 
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PAGE=ARMCO 


ELECTRODES 


Page-Armco Electrodes are the purest iron 
known commercially (99.84%). 


The impurities taken in the aggregate do not 
exceed 16/100 of 1% when considering silicon, 
sulphur, phosphorus, carbon, manganese, cop- 
per, oxygen, hydrogen, and nitrogen. 
Page-Armco Electrodes conform to the Amer- 
ican Welding Society Specifications for Elec- 
trodes, Grade E-No. 1-A. 

Blue tag—ends of rods colored blue. 


PAGE STEEL AND WIRE COMPANY 
Bridgeport, Connecticut 


Associate Company of the AMERICAN CHAIN Co., INc. 
District Sales Offices: 
CHICAGO NEw YORK PITTSBURGH SAN FRANCISCO 
Manufacturers of 

RODS—Armeo Ingot Iron and Special Analysis Steel. 

WIRE—Plain and Galvanized—Telephone, Telegraph, 
Bond, Strand, Gas Welding Rods 
and Electrodes. - 

FENCE—Woven Wire for Farm and 

Railway Right of Way, Wire Link 
Protection for Industrial Plants, 


Lawns, Schools and Estates, and 
Factory Partitions. 


Also manufacturers of Page 
High Carbon Gas Welding 
Rods and _ Electrodes for 
welding high carbon steel. 
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PREST-O-LITE PRE-EMINENCE 


HE result of sincere, unceasing effort, backed 
by the essentials of success, to establish and 


Maintain purity of product and dependability of 
service, available a/ways where there exist demands 
for dissolved acetylene—55 plants and warehouses 


at your service. 


Paltimore New Orleans 
Kansas City New York 
Los Angeles Seattle 
Pittsburgh ‘a San Francisco 
Ruffalo Dallas 
Cleveland DISSOLVED ACETYLENE Boston 
Alanta Detroit 


THE PREST-O-LITE COMPANY, Inc., 
General Offices: 


ADDRESS ANY 


CARBIDE AND CARBON 
NEW YORK 
DISTRICT SALES OFFICE LISTED ABOVE 


BUILDING, 30 EAST 42nd ST. 


UR BRANCH OF- 

FICES have been lo- 
cated with only one 
thought—to give service to 
you. 


If we had selected these 
locations for our own sell- 
ing purposes we should 
probably not need one- 
tenth as many. But our 36 
branches have been se- 
lected so that you and 
every user of Oxweld ap- 
paratus can have near at 
hand a Resident Oxweld 
Engineer who is always 
ready to work with you. 


You located our branches 


Each of the branches is 
headed by an engineer who has 
specialized on welding and cut- 
ting operations; each has ser- 
vice men ready to help you; 
each has a stock of Oxweid in- 
jector type apparatus and sup- 
plies available for your needs; 
each maintains a list of oper- 
ators, so that the labor problem 
need not seriously bother you. 
In short, the Oxweld organi- 
zation is not a Selling organi- 
zation but a Service organiza- 
tion. 

Send for illustrated booklet, 
“Oxweld Can Do It,” or better 
still, telephone or wire the 
nearest branch for the Resident 
Engineer to see you. 


OXWELD ACETYLENE COMPANY 


Chicago 
3642 Jasper Place 


Long Island City, N. Y. 
Thompson Ave. & Orton St. 


San Francisco 
1050 Mission Street 
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Users of G-E Welders 


Atchison, Topeka & Santa Fe R. R. 
Atlantic Coast Line R. R. 

Baltimore _ Ohio R. R. 

Big Four R. 

Canadian Penifie R. R. 

Central New England R. R. 

Central Railroad of New Jersey. 
Chicago, Milwaukee & St. Paul is R. 
Colorado and Wyoming R. R. 

Denver and Rio Grande R. R. 

Detroit and Mackinac R. R. 

Eastern Kentuck R. 

Grand Trunk R. 

Grasse River R. R. 

Gulf, Colorado and Santa Fe R. R. 
International & Great Northern R. R. 
Lehigh Valley R. R. 

Los and Salt Lake R. R. 
McCloud River R. R. 
Michigan Central R. R. 
Missouri and Texas Rwy. of Texas. 
Missouri, Kansas and Texas R. R. 
New York Central R. R. 

New York, Chicago and St. Louis R.R. 
New Haven & Hartford 


New York, Ontario and Western R. R. 

Northern Pacific 

Panhandle and Santa Fe. 
ennsylvania R. R. 

Seaboard Air Line R. R. 

Southern Pacific R. R. 

Ulster and Delaware R. R. 

Union Pacific R. R. 

Virginian Ry. Co. 

West Virginia Northern R. R. 

Western Pacific 
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A Recommendation 


Worth-while savings are being ef- 
fected by leading railways thru the 
successful use of G-E Welders. The 
Santa Fe finds G-E Electric Welding 
Equipment so much to its liking that 
this railroad is using over 80 G-E 
Welding Sets. 


G-E engineers have thoroughly 
studied the application of electric 
‘welding to the various needs of rail- 
road shops, roundhouscs, etc.—and 
have developed several types of weld- 
ing equipmert to accomplish the 
work required. 


For complete welding service the 
General Electric Company offers 
single-operator and multi-operator 
units, portable and stationary, also 
semi-automatic and full automatic 
welders. Ask the nearest G-E Sales 
Office for complete information. 


General Electric Company 
Schenectady, N. Y. 
Sales Offices in all Large Cities 


GENERAL ELECTRIC 


43B-796D 
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PROTECTION FOR WELDERS — 


We manufacture a complete line of protection for 
welders, including— 


Electric Welding Headshields 
Electric Welding Handshields 
Welding Glass—All Shades 
Welding Coggles 

Asbestos Mittens and Gloves 
Asbestos Aprons—Clothing 
Fire Resisting Clothing 

Fire Resisting Aprons 
Leather Aprons 

Respirators, Gas Masks 
Electrode Holders 


Leather Gloves 


Safety Equipment 


Send for Our Complete Catalog. 
It Illustrates and Describes the 
Line We Manufacture. 


1104 HAMILTON AVE. 


TORCHWELD DEPENDABLE EQUIPMENT 


The EXPERIENCE of Torchweld Users has proved conclusively that the 
economies effected by the adoption and use of TORCHWELD EQUIP- 


MENT are more than sufficient to pay a handsome return on the money 


invested and at the same time pay for the equipment itself many times 
over during its life. 


Torchweld Catalog No. 23 explains why this is so. Send for a copy. 


TORCHWELD EQUIPMENT COMPANY 


224 NORTH CARPENTER STREET CHICAGO, ILLINOIS 


CLEVELAND, OHIO 


Essentials for Safe and Reliable Electric Arc Welding 


WANAMAKER COATED ELECTRODES 
and TECOR ACCESSORIES 


Write for Booklet 


TRANSPORTATION ENGINEERING CORPORATION 


15 PARK ROW 327 S. LA SALLE STREET 
NEW YORK CHICAGO 


| 
THE SAFETY EQUIPMENT SERVICE CO. 
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Exceptionally Simple and Reliable 
Method of Rail Bonding 


UNA Bonding possesses many remarkable features. 
Let us send full details for your consideration. 


RAIL WELDING & BONDING COMPANY 
CLEVELAND, OHIO 


“UNA Joints” 


ACETYLENE FROM CAKES 


The most modern, efficient and safest source 
of acetylene supply—Carbic CAKES. 


Not an experiment. Hundreds of Carbic gen- 
erators using Carbic are in daily use on all 
kinds of welding and cutting work. 


The use of Carbic Cakes permits an case of 
handling, a convenience and a safety not other- 
wise obtainable. 


Acetylene from Carbic costs less than one-half 
as much as compressed acetylene and only a 
few drums of cakes carried in stock insure a 
large supply of gas on hand at all times. 


CARBIC MFG. CO. 


Duluth, Minn. New York, 141-149 Centre St. 
Carbie low pressure, Boston, 27 School Street Chicago, 565 W. Wash. Bivd. 
portable generator 
Weight charged The Hendrie & Bolthoff Mfg. & Supply Ce., Denver, Co'orado. 
200 Ibs, ; 
oe eee Woodward, Wright & Company, New Orleans. La 
Laboratories. Offices and Representatives in other principal Cities 
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K-G Welding & Cutting Co., Inc. 


556 WEST 34th STREET 
NEW YORK CITY 


MANUFACTURERS OF 


K-G-TORCHES 


Rs Best adapted for Heavy 


Sections because shrinkage 
strains avoided. 


BUILT-UP 


A “BUILT-UP ~ 


already solidified, SECTION SECTION 


tending to cause y A 70 BE age which can 


strains and 2926 WELDED 
failure. 


be allowed for 
in advance. 


"SECTIONS 
TO BE WELDED 


METAL & THERMIT CORPORATION 


120 BROADWAY, NEW YORK 
BOSTON PITTSBURGH CHICAGO TORONTO SO. SAN FRANCISCO 


“THE UNIVERSAL WELDING MACHINE” 
The Only Really Portable Machine 
ARE YOU AWARE that our machine 


can be made to operate from any 


INDUSTRIAL POWER SUPPLY A. C. or D. C. 


Electric Arc Cutting & Welding Co. 
152-56 JELLIFF AVE., NEWARK, N. J. 
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Are Welding 


Equipments 


Properly designed for dependable service. 
Self contained, require no exciter. 
Stable Arc gives excellent penetration. 


Positive control of current throughout entire 
range of machine. 


Moderate speed insures long life. 


We invite inquiries on all matters pertaining 
to Electric Are Welding. 


Send fer Bulletin No. 127 


BURKE ELECTRIC CO. 


Manufacturers of 


ELECTRIC WELDING OUTFITS 
and 
ELECTRIC MOTORS AND GENERATORS 
FOR ALL PURPOSES 


MAIN OFFICE AND WORKS, ERIE, PA. 


Service-Sales Offices 
New Vork Detroit Philadelphia 
Pittsburgh Cleveland Buffalo 


Sales Agencies 
Kansas City Cincinnati Milwaukee 
W. T. Osborn Underwood Elec. Co. Fred H. Dorner 
Chicago 
Western Welding San Franiisco 
& Equip, Co. Coast Equipment Co. 
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Anything and Everything 


For Oxyacetylene Welding and Cutting 


Public faith in a product is a reflection 
of faithful performance. Thus, con- 
sistently, have Airco Oxygen and 
Airco Acetylene built up good-will. 


AIR REDUCTION SALES COMPANY 


Manufacturer of Airco Oxygen and Airco Acetylene and other 
Airco and Airco-Davis-Bournonville products—C ontrols 
the Manufacture and Sale of National Carbide. 


Air Reduction Sales Company maintains its own Apparatus 
Repair Shop in each Airco District Office city. 


Home Office: 342 MADISON AVE., NEW YORK, N. Y. 


Airco District Offices, 

Plents and Distributing 

Stations conveniently loeat- cAirce 

ed throughout the Country Distributing 
Stations 
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